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THE  OXIDASES  AND  OTHER  OXYGEN-CATALYSTS  CON- 
CERNED IN  BIOLOGICAL  OXIDATIONS." 


By  Joseph  H.  Kastle, 
Chief,  Diviskm  of  Chemistry,  Hygienic  Laboratory,  U.  S.  Public  Health  and  Marine- 
Hospital  Service. 


INTRODUCTION. 

During  the  past  eight  years  I  have  devoted  a  considerable  part  of 
my  time  to  a  study  of  the  oxidases  and  of  certain  phases  of  biological 
oxidation,  with  the  result  that  I  have  come  to  appreciate  as  never 
before  the  need  of  a  somewhat  more  comprehensive  and  complete 
treatment  of  this  subject  than  is  ordmarily  to  be  found  m  most  trea- 
tises on  fermentation.  Furthermore,  a  study  of  the  earlier  literature 
of  the  subject  has  revealed  certain  rather  curious  mistakes,  which 
probably  found  their  way  into. the  literature  originally  as  the  result 
of  typographical  errors,  but  which  pervade  the  whole  subject  with  an 
annoying  persistency.  Durmg  the  past  four  years,  as  the  result  of 
easy  access  to  the  departmental  libraries  in  this  city,  I  have  had 
unusual  facilities  for  familiarizing  mj'self  with  the  literature  of  this 
subject,  and  it  was  partly  with  the  view  of  givmg  to  other  workers  in 
this  field  the  benefits  of  my  opportunities  along  this  line,  that  this 
monograph  has  been  written.  No  special  claims  are  made  for  origi- 
nality either  in  the  mode  of  treatment  of  the  subject,  or  in  some  cases 
even  with  regard  to  phraseology,  my  only  object  being  to  present  the 
subject  as  accurately  and  comprehensively  as  possible  within  the  time 
at  my  disposal.  To  this  end  I  have  made  free  use  of  such  treatises 
on  fermentation  as  "The  soluble  ferments  and  fermentation,"  by 
J.  Reynolds  Green  (Cambridge  Natural  Science  Manuals,  London, 
1899);  "Die  Fermente  und  ilire  Wirkungen,"  by  Carl  Oppenlieimer, 
(Leipzig,  1900);  "Traite  de  Microbiologic,"  by  E.  Duclaux  (Paris, 
1898);  "Biochemie  der  Pflanzen,"  by  Fred.  Czapek  (Jena,  1905); 
"Theorie  der  Fermentwirkungen,"  by  Moritz  Traube  (Berlin,  1858); 
"Les  Enzymes  et  leurs  Applications,"  by  Effront  (translation  by 
Prescott,  New  York,  1902);  "Recent  advances  in  physiology  and 
biochemistry,"  by  Leonard  Hill  and  others  (London,  190G);  "Das 
Sauerstoff-Bedtirfniss  des  Organismus,"  by  Paul  Ehrlich  (Berlin, 
1885);  "Les  Oxydations  de  TOrganisme,"  l)y  E.  Enriquez  and  J.-A. 
Sicard  (Paris,  1902);  "Die  Bedcutung  der  Katalyse  fiir  die  Medicin," 
by  H.  Schade  (Kiel,  1907) ;  and  "Kritische  Studien  iiber  die  Vorgiinge 

"  Manuscript  submitted  for  publication  October  12,  1909. 


8 

tier  Autoxydation."  })y  C.  Engler  and  J.  Weissberg  (Braunschweig, 
1904).  1  am  especially  imlebted  for  much  valuable  information  to 
a  dissertation  by  Pierre  See,  entitled  "Contribution  a  I'Etude  des 
Applications  Therai)eutiques  des  Oxydases  et  des  Metaux  Ferments" 
(These,  No.  239,  Faculte  de  Medicine  de  Paris,  1905),  and  to  recent 
articles  by  Engler  and  Herzog,  "Zur  chemischen  Erkenntnis  bio- 
logischer  Oxydationsreaktionen"  (Iloppe-Seyler's  Zeitschrift  fiir 
physiologische  Chemie,  1909,  vol.  29,  pp.  327-375),  and  to  Moore  and 
Whitley,  "The  properties  and  classification  of  the  oxidizing  enzymes 
and  analogies  between  enzymic  activity  and  the  eflects  of  immune 
bodies  and  complements"  (Bio-Chemical  Journal,  1909.  vol.  4,  pp. 
136-167).  In  many  instances  in  dealing  with  original  contril)Utions 
to  the  subject  I  have  adhered  as  closely  as  i)ossible  to  the  words  of 
the  author  in  order  that  the  exact  sense  and  meaning  of  the  original 
article  might  be  preserved  to  at  least  as  great  an  extent  as  jiossible 
within  the  limits  of  the  ])resent  communication.  Furthermore,  no 
claim  is  made  for  the  completeness  of  this  i)roduction.  It  has  been 
impossible,  through  lack  of  time  and  space,  to  refer  to  all  original 
communications  (m  the  subject,  even  in  the  bibliography.  Even 
the  current  num])ers  of  the  journals  contain  many  contributions 
bearing  on  the  subjects  treated  of  in  the  following  ])ages,  and  out  of 
this  vast  and  constantly  growing  literature  I  have  been  compelled  to 
select  what  seemed  to  me  the  most  essential  to  the  proj^er  presentation 
of  the  subject. 

In  the  writer's  opinion  the  subjects  considcretl  in  the  following 
pages  a;-e  strictly  germane  in  their  general  sco])e  to  the  work  of  the 
Hygienic  Laboratory.  The  oxidases  and  related  oxygen-catalysts 
belong  to  the  same  group  of  bodies  as  the  semms,  viruses,  toxins, 
and  antitoxins.  Any  facts  throwing  light  on  the  one  class  of  sub- 
stances will  doubtless  assist  ultimately  to  a  lietter  understanding  of 
this  whole  group  of  biologically  active  substances.  Portier  is  of  the 
opinion  that  the  oxidases  i)lay  an  imi)ortant  role  in  the  defense  of 
the  organism  against  ])athogenic  micro-organisms,  and  according  to 
Sieber  they  are  able  to  destroy  toxins,  such  as  the  toxins  of  dii)htlu'ria 
and  tetanus.  Furthermore,  they  are  of  importance  as  enabling  us  to 
form  correct  conclusions  regarding  the  condition  and  character  of 
certain  foodstuffs — as  to  whether  tiiey  aie  cooked  or  raw — and  in 
enabling  us  to  determine,  within  ccitiiin  limits  of  temperature, 
whether  a  given  sample  of  milk  has  been  ])asleuri/.ed  or  not.  For 
the  biological  chemist,  the  ])hysician,  and  llu>  s;inil:iri:in.  :dl  of  these 
matters  are  of  considerable  importance. 

1  am  greatly  indebted  for  nuich  valuaWlc  material  to  various 
authors,  who.se  works  1  have  freely  consulted  nnd  mad(>  use  of  in  the 
preparation  of  this  monograph,  ami  also  to  Mr.  F.  A.  McDciinot  t , 
one  of  the  assistants  in  the  division  of  chcnustry  of  the  Hygienic 
Laboratory,  for  much  valuable  Jissistance. 


Chapter  I. 
THEORIES  OF  OXIDATION. 

In  the  period  which  elapsed  between  the  classic  researches  of 
Lavoisier  on  Combustion  (1774-1785)  and  the  discovery  of  ozone 
by  Schoenbein  in  1840,  a  number  of  interesting  and  important  obser- 
vations had  accumulated  in  the  literature  concerning  the  influence 
exerted'by  one  substance  on  the  oxidation  of  another  by  air  or  oxygen. 
Thus  in  1806  Desormes  and  Clement  C^^)  pointed  out  that  nitric  acid 
is  not  the  principal  agent  concerned  in  the  complete  oxidation  of  the 
sulfur  in  the  leaden-chamber  process  for  the  manufacture  of  sul- 
furic acid,  but  its  ''base,"  nitric  oxide  (Je  gaz  nitreux),  which  takes 
oxygen  from  atmospheric  air  in  order  to  offer  it  to  the  sulfurous 
acid  in  a  condition  capable  of  accomplishing  its  oxidation.  A  few 
years  later  it  was  observed  by  Vogel  0*^)  that  hydrogen  and  oxygen 
combine  at  low  temperatures  under  the  influence  of  charcoal.  Then 
followed  the  numerous  and  interesting  observations  by  Sir  Humphrey 
Davy  C^^),  Edmund  Davy  (132-133)^  Erman  0«0,  Pleischl  C^*),  and 
others  on  the  remarkable  power  of  platinum  and  other  metals  of  the 
platinum  group,  such  as  iridium,  osmium,  and  palladium,  to  effect 
the  slow  combustion,  or  under  certain  conditions  even  the  actual 
ignition,  of  combustible  gases  such  as  hydrogen,  carbon  monoxide, 
etc.,  in  an  atmosphere  containing  oxygen,  and  the  rapid  conversion 
of  alcohol  into  acetic  acid,  observations  which  culminated  in  Davj^'s 
lamp  without  flame  (see  Erman  ^'^^),  Doebereiner's  lamp  C*0,  and  the 
rapid  method  for  the  production  of  acetic  acid. 

The  effect  of  various  substances  on  the  oxidation  of  combustible 
gases  and  vapors  was  also  exhaustively  investigated  by  Dulong  and 
Thenard  (1^1-152)^  ^^-ith  the  result  that  various  metals,  such  as  iridium, 
palladium,  rhodium,  gold,  silver,  mercury,  nickel,  cobalt,  and  iron,  in 
spongy  or  pulverulent  form,  were  found  to  accomplish  the  same 
changes  as  platinum,  and  that  to  a  degree  at  least  such  changes  can 
also  be  brought  about  by  certain  nonmetallic  substances,  such  as  car- 
bon, pumice  stone,  porcelain,  glass,  and  quartz  crystals,  at  tempera- 
tures under  .350"  C,  while  salt,  fluorspar,  and  marble  did  not  appear 
to  act  to  a  sensible  extent  within  these  limits.  These  changes,  they 
concluded,  could  not  be  ascribed  entirely  to  electrical  phenomena,  as 
was  at  first  supposed,  and  they  explained  them  on  the  assumption  of 
the  condensation  of  large  volumes  of  gas  on  the  surface  of  the  sub- 
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stance  capable  of  causing  the  oxidation— as,  for  example,  the  conden- 
sation of  oxygen  upon  platinum,  whereby  heat  was  liberated  and  th(> 
body  (platinum)  attained  the  temperature  necessary  to  accomphsh 

the  oxidation. 

The  discovery  of  ozone  by  Schoenbein  C^)  m  1840  and  the  fmdmg 
of  this  remarkable  substance  among  the  oxidation  products  of  readily 
oxidizable  substances  gave  a  new  impulse  to  the  study  of  oxidation 
phenomena  and  led  ultimately  to  a  more  careful  study  of  the  whole 
subject  of  induced  oxidations  and  of  the  phenomenon  of  oxygen 
carrying.  This  distinguished  observer  seems  to  have  been  the  first 
to  clearly  recognize  that  in  the  final  products  of  chemical  combina- 
tion, particulariy  those  in  which  oxygen  is  concerned,  we  see,  as  he 
put  it,  only  the  closuig  scene  of  a  chemical  drama  which  is  in  reahty 
composed  of  several  intermediate  acts,  and  that  for  a  correct  under- 
standmg  of  such  processes  it  is  quite  as  essential  to  know  these 
intermediate  acts  as  it  is  to  know  the  beginning  and  the  end. 

To  the  investigation  of  ozoneand  to  the  task  of  learning  mo  re  of  the 
initial  and  intermediate  acts  of  the  oxygen  drama,  Schoenbein  set 
himself  with  remarkable  assiduity  and  success.     It  is  beyond  the 
scope  of  this  communication  to  attempt  anything  like  a  chronological 
account  of  the  numerous  investigations  on  the  subject  of  ozone,  which 
in  themselves  form  one  of  the  most  interesting  chapters  m  the  history 
of  chemical  science.     {See  Engler  and  Weissberg'"'.)     It  is  sufficient 
to  say  in  this  connection  that  from  the  time  of  its  discovery  until  its 
composition  and  nature  were  finally  settled  through  the  labors  of 
Odling,Soret,and  Andrews  and  Tait,Schoebein  himself  held  different 
notions  at  different  times  respecting  its  composition.     As  the  net 
result  of  his  many  researches  on  the  subject,  Schoenbein  came  to  look 
upon  ozone  ancfthe  ozonides  as  cimtaining  an  atom  of  negatively 
polarized  oxygen,  which  in  its  conduct  toward  oxidizable  substances 
was  far  more  active  than  oxygen  in  its  orchnaiy  form,  and  as  we 
would  interpret  these  phenomena  at  the  present  day,  he  accounted 
for  its  production  from  onHnary  oxygen  througli  the  action  ()f  elec- 
tricity up(m  the  supposition  that  as  a  result  of  the  olectncal  dischiirge 
the  ultimate  particle  (molecule)  of  oxygen  is  resolvcMl  into  two  ntoius, 
(me(.fwlnchis)i(>galiv('ly  ]H.lnii/.(Ml  an. It  lu'otluM  positively  polarized, 

thus: 

(())-©-!  O  or,  0,-e  +  0 

The  negatively  polariziMl  atom  tiuMu  combines  with  a  particle  of 
ordinary  oxygen"  to  form  ../.one,  (),,9,  whereasthe  positively  ixdarized 
atom  (ant ozone)  coml)ine8  witi.  water  to  form  liydrogen  peroxide, 
II.O.©.  These  two  substances,  ozone  and  hydrogen  peroxide,  were 
regarded  as  the  prototypes  of  a  whole  series  of  compounds  to  which 
Sclioenbein  gav(>  \\\r  name  oz..ni(les  and  ant  ozonides,  respectively. 
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According  to  Hagenbach  i^°^),  Schoenbein  did  not  hold  that  the 
oxygen  molecule  consisted  of  two  atoms.  Therefore,  according  to 
Schoenbein,  the  chemical  polarization  of  neutral  oxygen  is  no  true 
decomposition,  but  only  a  calling  into  being  of  two  oppositely  active 
states  of  the  element — 

(O)=©  +  0 

The  ©  combines  with  water  to  form  HgOa,  and  the  0  goes  partly  to 
form  ozone,  but  in  greatest  part  to  oxidize  the  metal  or  phosphorus. 
Like  ozone,  the  ozonides  were  beheved  to  contain  a  part  of  their 
oxygen  in  a  negatively  polarized  condition,  whereas  the  antozonides 
were  supposed  to  contain  a  part  of  their  oxygen  in  a  positively  polar- 
ized condition.  Like  ozone  itself,  the  ozonides  were  supposed  to  con- 
tain a  part  of  their  ox3^gen  in  an  intenseh'  active  condition.  On  the 
other  hand,  in  antozone  and  the  antozonides  the  antozonic  oxygen 
was  supposed  to  be  less  active  chemically  than  the  active  oxygen  in 
ozone  and  the  ozonides,  at  least  in  most  of  its  chemical  relations,  and 
to  exhibit  chemical  activities  of  a  different  order.  The  following  is 
a  list  of  some  of  the  common  ozonides  and  antozonides  included  in 
this  classification : 

O2.0,      ozone.  ©,  antozone. 

PbO.0,  lead  peroxide.  11,0.©,  hydrogen  peroxide. 

J^InO.0,  manganese  peroxide.  BaO.©,  barium  peroxide. 
HC1.0,  hypochlorous  acid.  etc. 

etc. 

This  view  regarding  the  nature  of  ozone  and  antozone  was  appar- 
ently in  harmony  with  a  great  many  facts,  among  which  may  be 
mentioned : 

1 .  Modes  of  formation  from  ordinary  oxygen  by  the  action  of  elec- 
tricity and  as  a  result  of  the  autoxidation  of  readily  oxidizable  sub- 
stances such  as  phosphorus,  its  production  in  the  electrolysis  of  water 
and  as  the  result  of  heating  various  oxides  and  peroxides  and  in  the 
decomposition  of  highly  oxygenated  compounds  by  acids. 

2.  The  greater  oxidizing  power  of  ozone  and  the  ozonides  as  com- 
pared with  the  oxidizing  power  of  antozone  and  the  antozonides. 
Thus  it  was  proven  by  Schoenbein  that  ozone  and  the  ozonides  can 
accomplish  the  oxidation  of  a  number  of  metals,  guaiacum,  etc., 
which  are  not  acted  upon  by  hydrogen  peroxide  or  other  antozonides. 

3.  The  mutual  decomposition  of  ozone  and  the  ozonides  by  anto- 
zonides resulting  in  the  formation  of  ordinary  oxygen.  Such  decom- 
sitions  are  those  met  with  in  the  decomposition  of  hydrogen  peroxide 
by  lead  and  manganese  dioxides  and  by  potassium  permanganate, 
and  also  the  remarkable  decomposition  of  ozone  itself  by  hydrogen 
peroxide,  whei'eby  water  and  ordinary  oxygen  are  formed. 
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4.  The  apparent  occurrence  of  antozone  in  nature  in  certain  varie- 
ties of  fluorspar,  and  its  apparent  formation  (or  the  actual  formation 
of  hydrogen  peroxide,  an  antozonide)  by  the  action  of  an  acid  on  an 
antozonide  hke  barium  peroxide. 

While  the  differences  existing  between  the  so-called  ozonides  and 
antozonides  and  also  their  mutual  decomposition,  can  be  explained 
upon  grounds «  other  than  tliose  involving  the  idea  of  oppositely  elec- 
trified oxygen  atoms,  Schoenbein's  theories  respecting  the  nature  of 
this  interesting  group  of  substances  were  more  or  less  in  harmony 
with  the  duahstic  theory  of  Berzehus  and  with  tlie  fact  that  the  mole- 
cule of  oxygen  consists  of  two  atoms.     Their  piincii^al  interest  in  this 
connection  is  that  erroneous  as  they  were  in  scnne  particulars,  they 
afforded  a  satisfactory  explanation  of  oxygen  activation.     A  few 
examples  will  serve  to  make  this  clear:  When  a  solution  of  indigo 
blue  is  exposed  to  oxygen  or  atmospheric  air  it  suffers  no  change. 
On  the  other  hand,  as  is  well  known.  i)hosphorus  is  reatUly  oxichzed 
under  these  conditions.     And   now,    what    is   more   remarkalile,  if 
indigo  be  brought  in  contact  with  slowly  oxidizing  phosphorus,  not 
only  does  the  phosphorus  continue  to  be  oxidized  but  under  these 
new  conditions  the  incUgo  is  oxidized  as  well.     In  other  words,  ()xid- 
izing  phosphorus  has  the  power  to  excite  or  induce  the  oxidation  of 
a  substance  which  alone  is  incapable  of  undergoing  oxichition  by 
simple  contact  with  oxygen  or  atmospheric  air.     As  shown  by  Schoen- 
bein,  however,  when  phosphorus  is  slowly  oxidized  in  the  air  ozone 
is  produced  and  it  is  the  latter  sul)stance  which  oxidizes  the  indigo. 
When  a  solution  of  potassium  io(Hde  and  starch  or  a  suspensicm  of 
guaiacum  resin  in  water  is  shaken  with  air,  no  change  of  color  occurs. 
If,  however,  as  shown  by  Schoenbein  (•"*"),  a  (hop  or  two  of  oil  of 
bitter  almonds  be  added  to  these  sohiti(ms  and  the  solutions  after- 
wards shaken  with  air,  each  of  tlunn  ])ecomes  blue  in  (-olor,  (hie  m 
the  first  case  to  the  oxidation  of  the  potassium  io(h(U-  witli  the  setting 
free  of  iodine  and  the  formation  of  the  l)hie  i()(Hde  of  starcli,  and  in 
the  second  case  to  the  oxidation  of  the  guaiacum  witl\  the  i)ro(hicti(m 
of  guaiacum  blue.     According  to  SchotMiluMU,  the  oil  of  bitter  almonds 
oz('^nized  tlie  air  and   tlie   ivsulling  oz(me  oxi.hzed  these  sul)stances 
which  are  not  oxidizable  ])y  oxygen  in  its  onhnary  form. 

lie  also  made  the  interesting  observation  that  ceitain  of  the  higher 
fungi,  as  well  as  other  plants,  contain  substances  which  api)arently 
have  the  power  of  ozoni/.iug  th(>  air  to  a  remarkable  degree,  thereby 
accomplishing  the  oxidation  of  substances  not  oxidizable  by  onhnary 

"  Mcndoh'jcff  (-'"•')  divides  th(>  peroxid(>s  into  two  classes,  1,  suporoxidos.  in  which 
tho(.xyf,'cn  atoms  arc  directly  united  to  one  another  as  well  as  to  the  oxidized  elenienl, 
and  2,  polyoxides,  in  which  the  oxy^'cn  atoms  are  not  directly  nnited  with  one  another. 
The  superoxides  yi(>ld  hy.lro^'cn  peroxide  when  dis.solved  in  acids;  the  polyoxides 
do  not.     Similar  views  are  held  liy  Traulx'  and  hy  Uicharz  ('*"). 
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oxygen,  and  in  certain  instances  resulting  in  the  development  of  char- 
acteristic vegetable  colors  ("»).  He  proved,  further,  that  just  as  a 
large  number  of  substances  have  the  power  of  activating  the  oxygen 
of  the  air,  so  also  an  even  larger  number  have  the  power  of  activating 
the  oxygen  of  hydrogen  peroxide  and  other  antozonides.  Thus 
while  hydrogen  peroxide  and  old  oil  of  turpentine  are  without  action 
on  guaiacum  or  a  solution  of  potassium  iodide  and  starch,  the  oxida- 
tion and  bluing  of  these  reagents  are  readily  accomplished  by  these 
oxidizing  agents  through  the  action  of  platinum  black,  extract  of 
malt,  the  red  coloring  matter  of  the  blood,  and  the  juices  and  extracts 
of  many  plants,  for  the  reason  that,  according  to  Schoenbein  C*=^), 
they  are  converted  into  ozonides,  in  the  same  way  that  an  ozonide, 
Hke  lead  peroxide,  results  from  the  action  of  lead  acetate  on  hydrogen 
peroxide. 

He  also  proved  that  ozone  is  formed  during  many  processes  of  com- 
bustion, an  observation  which  led  to  the  conclusion  that  every 
combustion  is  accompanied  by  the  formation  of  ozone,  and  finally  to 
the  view  that  no  oxidation  can  proceed  of  itself  without  the  previous 
conversion  of  the  common  inactive  oxygen  of  the  air  into  active 
oxygen  or  ozone.  In  this  manner  he  readily  accounted  for  the  phe- 
nomenon of  oxygen  carrying,  and  arrived  at  the  further  conclusion 
that  through  the  agency  of  Hving  things  and  the  organic  matter  on 
the  surface  of  the  earth,  the  inactive  oxygen  of  the  air  is  constantly 
being  transformed  into  ozone.  This  gradual  formation  of  ozone 
through  these  agencies  was  deemed  sufficient  to  account  for  the  slow 
oxidations  continually  taking  place  on  the  surface  of  the  earth,  and 
in  speaking  of  the  oxygen-carrying  power  of  certain  substances  con- 
tained in  the  blood  of  animals,  which  Hke  phosphorus  and  oil  of  bitter 
almonds  can  activate  the  inactive  respired  oxygen,  he  says  that  "as 
a  matter  of  fact,  without  the  presence  of  such  substances  as  convert 
ordinary  oxygen  into  ozone,  animals  would  be  suffocated  in  the 
midst  of  an  ocean  of  the  purest  but  inactive  oxygen  as  quickly  as  in 
a  vacuous  space."     (Schoenbein  (^*°).) 

Indeed,  upon  every  hand,  apparently,  facts  and  observations  mul- 
tipUed,  indicating  the  importance  of  ozone  in  the  economy  of  nature. 
Hare  C°^)  observed  its  production  as  the  result  of  rubbing  a  piece  of 
flint.  For  example,  the  odor  of  ozone  is  very  evident  when  flint  is  struck 
with  a  piece  of  steel.  Brame  C'^')  detected  ozone  in  rain  water.  Scout- 
etten  0^*-  ^^^-  ^^^'  ^^'')  observed  its  production  in  the  evaporation 
of  impure  waters.  As  a  matter  of  fact  ozone  became  the  chemical 
fad  of  the  day,  with  the  result  that  its  importance  in  nature  was 
greatly  overestimated.  Thus  during  the  years  1866-67  daily  obser- 
vations were  made  on  the  amount  of  ozone  in  the  atmosphere  of  Paris 
and  other  localities,  and  everywhere  men  were  busily  engaged  in 
studving  its  relation  to  health  and  disease.     Its  absence  from  the 
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atmosphere  of  certain  localities,  or  its  presence  therein  in  diminished 
amounts  was  associated  with  several  violent  outbreaks  of  Asiatic 
cholera  that  occurred  during  this  period,  and  according  to  Doctor 
Moffat t  (^•'^),  an  Enghsh  physician,  the  approach  of  an  ozone  period, 
during  which  the  quantity  of  ozone  in  the  atmosphere  suffers  a  con- 
sideral^le  increase,  is  followed  by  a  corresponding  increase  in  the 
luminosity  of  the  glowworm  and  of  certain  phosphorescent  protozoa, 
and  even  of  phosphorus  itself,  when  exposed  to  the  air;  and  in  man 
by  a  decided  increase  in  the  output  of  phosphates  in  the  urine.  Fur- 
ther, according  to  Doctor  Moffatt,  the  advent  of  an  ozone  period  was 
found  to  be  marked  by  the  approach  of  thunderstorms  and  unsettled 
weather  conditions  generally,  and  by  a  marked  increase  in  the  num- 
ber of  cases  of  toothache,  neuralgia,  apoplexy,  etc.  Finally,  as  the 
result  of  a  large  number  of  observations  extending  over  a  period  of 
ten  years,  the  most  exact  agreement  was  established  between  the 
warnings  of  the  admiralty  cautionary  telegrams,  as  the  British 
weather  forecasts  were  then  called,  and  the  readings  of  the  Doctor's 
ozonometer.     The  Doctor  liimself  had  evidently  fallen  a  victim  to 

ozone. 

Despite,  however,  the  great  number  of  faulty  and  imjierfectly  con- 
trolled observations  on  this  remarkable  substance  and  the  erroneous 
theories  arising  therefrom,  the  fact  remains  that  this  remarkably 
active  form  of  oxygen  is  produced  under  a  great  variety  of  conditions, 
and  that  it  is  responsible  for  the  oxidation  of  many  substances  not 
ordinarily  oxidized  by  atmospheric  oxygen  {see  Wurster  (^«^)) ;  and 
the  fact  that  it  is  formed  as  a  by-product  in  certain  processes  of 
autoxidation  affords  a  simple  explanation  of  oxygen  carrying  on  the 
part  of  such  substances  as  give  rise  to  ozone  during  autoxidation. 

From  the  ozone  theory  of  Schoenbein  as  a  point  of  tloparture,  our 
theoretical  conceptions  regarding  processes  of  autoxidation  and  the 
phenomenon  of  oxygen-carrying  have  been  developed  mainly  along 
three  different  lines.  Briefly  stated  these  conceptions  are:  (1)  The 
ionization  theory  of  Van't  Iloff;  (2)  the  theory  of  Iloppe-Seyler;  and 
(3)  the  peroxide  theory  of  Traube,  Engler.  Bach,  and  Mnnchot. 

Van't  Iloff 's  theory  of  oxygen-activation  rests  upon  the  assump- 
tion that  in  slow  oxidation,  such  as  that  met  with  in  the  gradual 
oxidation  of  phosphoiiis,  the  oxidiza])le  8ul)stnnce  enters  into  combi- 
nation, not  with  molecular  oxygen,  but  with  tlie  very  small  amounts 
of  atomic  (ionic)  oxygen  which  are  constantly  being  produced  from 
molecular  oxygen  in  the  sense  of  the  equilibrium  0,=2(),  and  that  in 
a  gaseous  system  such  as  tliat  furnished  by  acetic  aldehyde  and 
gaseous  oxygen,  the  velocity  of  the  reaction  should  be  exactly  jiro- 
portional  to  the  square  root  of  the  oxygen  j^ressnre. 

The  idea  that  molecular  oxygen  dissociates  as  the  result  of  electri- 
lication  and  under  the  influence  of  heat  and  clieniicnl  action,  is  by 
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no  means  a  new  one,  nor  did  it  originate  \viih  Van't  Hoff.     As  a 
matter  of  fact,  it  had  been  promulgated  by  Clausius  ("'''  ''''•  ^''')  upon 
theoretical  grounds  and  as  affording  a  simple  explanation  of  the  dif- 
ferences between  active  and  common  oxygen,  as  early  as  1857  to 
1863,  and  has  since  been  employed  by  other  physicists  (among  them 
Schuster,  Von  Helmholtz,  Richarz,  Thomson,  and  others),  as  affording 
a  simple  explanation  of  the  phenomena  observed  in  the  electrification 
of  gases,  including  oxygen,  and  in  the  condensation  of  aqueous  vapor 
in  the  steam  jet  as  the  result  of  the  oxidation  of  various  substances 
in  close  proximity  thereto.     Thus  Clausius  ("^)  in  a  communication 
entitled  '  'Ueber  die  Art  der  Bewegung,  welche  wir  Warme  nennen, ' ' 
had  put  forward  the  suggestion  that  in  common  oxygen  the  atoms 
are  not  detached,  but  combined  in  twos  to  form  molecules,  a  conclu- 
sion which  also  derived  support  from  the  views  of  Gerhardt  on  the 
constitution  of  gaseous  molecules.     He  reached  the  conclusion  there- 
fore that  the  active  oxygen  wliich  common  oxygen  sometimes  con- 
tains and  wliich  at  this  time  was  not  distinguished  from  ozone,  con- 
sists not  of  atoms  combined  in  pairs,  but  of  single  atoms  distributed 
among  the  molecules  of  the  element  in  its  ordinary  form,  and  in  a 
later  communication  on  the  difference  between  active  and  common 
oxygen  ('~^)   tliis  author  reiterates  the  view  that  common  oxygen 
consists  of  paired  atoms,  and  active  oxygen  of  unpaired  atoms,  and 
further  that  the  two  atoms  wliich  go  to  form  ordinary  oxygen  are  in 
oppositely    electrified    states.     Hence,    according    to    Clausius,    the 
molecule  of  ordinary  oxygen  is  diatomic,   containing  one  electro- 
positive and  one  electro-negative  atom.     On  the  other  hand,  active 
oxygen  consists  of  unpaired  atoms  which  may  exist  either  free  or 
loosely   bound   together  (Jose  gehunden).     If  electro-negative,   these 
atoms  form  ozone;  if  electro-positive,  antozone. 

Long  afterwards  it  was  pointed  out  by  Schuster  C^')  in  connec- 
tion with  his  investigations  on  the  electrification  of  gases  that  the 
passage  of  electricity  from  one  molecule  to  another  in  a  gas  is  always 
accompanied  by  an  interchange  of  atoms  composing  the  molecule. 
According  to  this  author,  physicists  of  the  Faraday-Maxwell  school 
had  long  considered  it  probable  that  the  conduction  of  electricity 
through  gases  is  due  to  something  similar  to  the  electrolytic  conduc- 
tion in  solutions,  or,  in  other  words,  to  the  migration  of  ions  under 
the  influence  of  the  current. 

Similarly,  according  to  Vcm  Helmholtz  and  Richarz  (2°«)  the  inter- 
esting ]ihenomena  observed  during  the  electrification  of  a  steam  jet 
and  the  influence  of  certain  chemical  reactions  on  condensation  occur- 
ring in  the  jet,  can  only  be  explained  on  the  supposition  that  molec- 
ular oxygen  or  the  gaseous  substances  in  the  immediate  vicinity  of  the 
jet  are  dissociated  to  a  greater  or  less  extent  into  free  atoms  oT  ions, 
or  into  molecular  groups  containing  free  valences,  and  that  these  are 
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responsible  for  the  phenomena  observed.  It  has  been  observed  by 
these  and  other  investigators  that  when  a  jet  of  steam  emerges  from  a 
small  orifice  into  dust-free  air^  there  is  very  little  if  any  condensation 
to  be  observed  within  half  an  inch  or  so  of  the  orifice.  On  the  other 
hand,  if  an  electrode  from  which  electricity  is  escaping  be  placed  near 
the  origin  of  the  jet,  dense  condensation  occurs  right  up  to  the  orifice, 
and  the  jet  itself  appears  colored,  the  color  being  due  to  the  scattering 
of  light  by  a  great  number  of  very  small  particles  of  water,  the  diame- 
ter of  which  is  very  small  compared  with  the  wave  length  of  light. 

According  to  J.  J.  Thomson  (^^'),  the  electricity  which  escapes  into 
the  gas  is  carried  by  the  charged  atoms  of  the  gas,  and  since  in  the 
region  immediately  around  these  atoms  there  ^\^ll  be  a  very  intense 
electric  field  there  will  be  a  tendency  for  the  steam  to  deposit  in  these 
regions.  Thus  around  these  charged  atoms  there  will  be  very  small 
drops  of  water,  which  will  scatter  the  blue  light  more  than  the  red,  so 
that  the  jet  when  seen  by  transmitted  light  will  appear  reddish. 

Von  Helmholtz  and  Richarz  (-««)  found  further  that  condensation 
in  the  steam  jet  is  also  brought  about  by  chemical  action  going  on 
in  its  neighborhood.     The  reactions  investigated  were  of  the  most 
varied  character,  involving  such  processes  as  the  combination  of  nitric 
oxide  and  oxygen,  ammonia,  and  hydrochloric  acid,  the  oxidation  of 
phosphorus,  sulphur,  and  other  readily  combustible  substances.     All 
of  these  were  found  not  only   to   efl'ect   the    condensation   of  live 
steam,  but  also  to  cause  the  condensation  of  other  vapors,  such  as 
those  of  alcohol  and  acetic   acid.     As   a  matter  of  fact  so  univer- 
sal is  this  influence  that  Von  Helmholtz  and  Richarz  pro])osed   to 
employ  the  steam  jet  as  a  means  of  detecting  ionic  dissociation  in 
gases.     Thus  Von  Helmholtz  (-"^)  found  that  condensation  is  efTeeted 
in  the  steam  jet  by  various  glowing  metals,  such  as  platinum  foil 
which  had  been  heated  to  redness  and  which  had  not  been  artilieially 
electrified.     Similarly  other  metals  such  as  silver,  iron,  c()pi)er,  etc., 
after  heating  in  the  flame,  color  the  steam  jet  for  a  long  time.     This 
is  also  shown  in  a  high  degree  by  all  glowing  organic  bodies,  such  as 
wood,  paper,  tobacco,  and  especially  by  glowing  suljduu-.     It  was  al.so 
proved  that  the  production  of  smoke  has  nothing  to  (h)  witli  the  ])he- 
nomenon  observed.     Tobacco  smoke,  especially,  was  (tl)serve(l  (o  be 
without  influence.     Von  Helmholtz  nnd  Kicharz  (■"')  Unuu\  that  c(»n- 
densation  in  the  steam  jet  couUl  be  brought  about  by  a  piece  (»f  glow- 
ing phosphorus  at  a  distance  of  several  decimeters  away,  and  that  at 
this  distance  it  acted  remarkably  powerfully,  but  less  actively,  on  the 
vapors  of  alcohol,  anilhi,  formic,  and  acetic  acids.     They  also  proved 
that  the  thick  white  clouds  which  are  produced  wh(>n  moist  phosphorus 
is  exposed  to  the  air  or  o.xygen  (h»  not  exhibit  this  phenomenon  when 
the  glowing  phosphorus  is  (|uench(>d.     So.  also,  the  ttxidation  products 
.  of  phosphorus  already  j)rei)ared  had  i.o  inlluenceoji  the  condensation. 
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On  the  other  liand,  the  active  agent  produced  during  the  slow  oxida- 
tion of  phosphorus  diffuses  with  considerable  velocity,  even  against  a 
current  of  air.  Potassium  and  sodium  burning  in  contact  with  water 
also  exert  an  influence  on  the  steam  jet  through  great  distances.  As 
has  been  observed  in  the  case  of  phosphorus,  the  resulting  cloud,  which 
consists  of  finely  divided  potassium  or  sodium  oxide  or  hydroxide,  is 
of  itself  inactive.  It  is  also  known  that  potassium  and  sodium  glow 
on  their  freshly  cut  surfaces  as  the  result  of  autoxidation.  Hence  all 
these  phenomena  are  analogous  to  those  observed  in  the  burning  of 
phosphorus. 

According  to  these  observers,  it  can  readily  be  understood  that  in 
all  oxidations  occurring  in  atmospheric  air  there  are  produced  so 
many  substances  that  it  is  often  difficult  or  impossible  to  obtain 
experimental  proof  by  the  exclusion  of  all  other  causes,  that  the  action 
on  the  steam  jet  is  only  brought  about  by  ions,  especially  those  of 
active  oxygen.  Of  the  three  substances,  however,  which  are  always 
produced  during  combustions  in  air,  namely  ozone,  nitrous  acid,  and 
hydrogen  peroxide,  none  were  found  to  have  any  action  on  the  steam 
jet. 

In  this  connection  it  is  of  interest  to  note  that  Meissner  (-^^)  as  early 
as  1863  had  observed  that  under  the  excitation  of  oxygen  by  elec- 
trical induction  there  is  produced,  besides  ozone,  still  another  sub- 
stance, wliich  exerts  a  highly  remarkable  action  on  water  vapor.  Fur- 
ther investigations  led  liim  to  believe  that  this  substance  was  Schoen- 
bein's  antozone. 

According  to  Von  Helmholtz  and  liicharz  (-**'^),  in  all  such  oxidation 
processes  as  effect  a  condensation  of  aqueous  vapor  in  the  steam  jet, 
the  oxygen  is  dissociated  into  single  atoms  (ions),  OJ  and  01,  or  into 
groups  of  atoms  such  as  —  O  —  O  — .  In  terms  of  the  electro-chemical 
theory  both  of  these  kinds  of  particles  have  free  valences  and  are  car- 
riers of  an  excess  of  positive  or  negative  electricity,  and  hence  serve  to 
conduct  the  current  through  the  gas  during  electrification,  or,  as 
exjilained  by  Thomson  (see  p.  16),  they  cause  a  condensation  of  aque- 
ous vapor  when  they  come  in  contact  with  the  steam  jet.  According 
to  Von  Helmholtz  and  Richarz  (-****),  chemists  have  ascribed  to  active 
oxygen  only  a  momentary  existence;  on  the  other  hand,  Clausius  (^-^ , 
on  ])urely  physical  grounds,  postulated  the  existence  of  dissociated 
atoms  of  oxygen  at  least  as  a  transitional  form  enduring  certainly  for  a 
short  time,  and  if  we  judge  from  their  conduct  toward  steam  these  par- 
ticles of  active  oxygen  exist  for  a  sensil)le  interval.  By  means  of  te- 
tramethyl-p-phenylene-diamin,  which  is  colored  blue  by  contact  with 
monatomic  oxygen  (antozone),  Wurster  (^"*)  was  able  to  obtain  evi- 
dence of  the  existencf'  of  the  dissociation  products  of  oxygen  in  the 
vicinity  of  gas  flames.  Thus  Wurster's  reagent  is  instantly  colored 
intensely  blue  in  the  Bunsen  burner  flame;  more  slowly,  but  still  visi- 
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bly  in  the  luminous  zone  of  flames  and  combustible  gases,  and  also  in 
the'  flame  of  burning  alcohol.  Similarly  it  was  observed  by  Von 
Helmholtz  (^^) «  that  Wurster's  paper  is  colored  blue  m  the  neighbor- 
hood of  a  glowing  platinum  spiral,  pointing  to  the  presence  of  active 
oxygen  in  the  surrounding  atmosphere. 

It  has  also  been  shown  l)y  -Elster  and  Geitel  {''')  that  the  electrifi- 
cation of  gases  is  brought  about  by  glowing  bodies.  They  C"'"'  '«°'^''' 
i«2)  likewise  observed  that  air  in  which  moist  phosphorus  is  oxidizing 
conducts  the  electric  current,  while  ozone  does  not  conduct  it.  Hence 
they  conclude  that  this  conduction  is  accomplished  by  ions,  or  split 
oxv"-en  molecules,  and  that  the  production  of  ozone  must  result  from 
the  previous  sphtting  of  the  oxygen  molecule.  That  ozone  diflers 
essentially  in  its  conduct  from  atomic  oxygen  is  also  indicated  by  tlie 
fact  that  ozone  itself  has  no  efi"ect  on  the  steam  jet,  whereas  decom- 
posing ozone,  like  decomposing  oxygen,  afi-ects  it  most  actively  {See 
also  Von  Helmholtz  and  Richarz  D,  pp.  194-195,  and  also  Meissner 

It  is  evident,  therefore,  from  these  observations  and  others  of 
similar  import,  that  the  dissociation  of  oxygen,  wherel^y  ac-tive  i.r 
ionic  oxvgen  is  produced  under  a  great  variety  of  conditions,  had  been 
recocrnizetl  for  some  time  before  it  was  employed  by  Van't  llofl  m 
explanation  of  oxygen  activation.  In  reality  the  idea  that  m  oxygen 
eras  we  have  an  equihbrium  represented  by  the  ec^uation,  C).,^lO, 
dates  from  the  time  of  Clausius.  On  the  other  hand,  we  are  indebted 
to  Van't  Ilofl-  and  his  coworkers  (^"-  ^^«),  especially  to  Ewan  ('««),  for 
experimental  proof  that  in  the  oxidation  of  acetic  aldehyde  the 
velocity  of  the  reaction  is  as  indicated  by  the  above  eciuation,  propor- 
tional to  the  square  root  of  the  oxygen  pressure,  and  to  ^  an't  IIofT 
himself  for  experimental  proof  than  an  atom  of  oxygen  is  rendered 
active  for  every  two  atoms  of  phosphorus  oxidized,  irrespective  of  the 
nature  of  the  acid  of  phosphorus  ])roduce(l. 

The  fact  that  oxvgen  can  distribute  its(>lf  cciuaiiy  between  two 
oxidizable  substances,  one  of  which  is  autoxidi/.able.  wlulc  tl.e  other 
is  not,  is  supported  bv  a  vast  amount  of  cxperunental  evidence  all  ol 
whicli  to  a  degree  at  least,  supports  Van't  IIofl"s  hypothesis.  1  lius. 
to  take  an  actual  case  stu.iied  by  Jorissen  (-'  ^--  -")'  131  -5  milligrams 
of  tri-ethyl  phosphine  were  found  to  require  17.S  milligrams  of  oxygen 
to  completely  oxidize  it  in  the  sense  of  this  e(|uation, 

(cji,)3P+o  =  (r.Ji,)3PO. 

Nvlieiras  when  this  same  amount  of  this  (■omi)()nnd  was  oxidized  in 
the  presence  of  2  grams  of  sodium  indigo-sulfonate,  85.3  nulhgrams 
of  oxygen  were  consumed,  or  approximately  twice  as  much.  Simflar 
r.'suits'were  obtained  by  this  observer  with  propionic  and  benzalde- 

hvdes.     {See  also  Van't  Hoff  ("''). 

a  See  also  ("lorup-Hcsaiicz  (""'). 
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So  also  Meyer  and  Recklinghausen  (^"0  and  Hirtz  and  Meyer  (^^^), 
in  their  study  of  the  oxidation  of  hydrogen  and  carbon  monoxide  by 
means  of  potassium  permanganate,  have  made  the  interesting  obser- 
vation that  approximately  as  much  oxygen  is  liberated  in  gaseous 
form  as  is  absorbed  by  the  reducing  substance  during  the  oxidation. 
These  authors  are  therefore  of  the  opinion  that  these  phenomena 
probably  stand  in  close  relation  to  the  phenomena  described  by  Yan't 
Hoff  and  his  coworkers.  The  fact  that  ordinary  oxygen  dissociates 
at  least  to  a  slight  extent  into  positive  and  negative  ions,  even  at 
ordinary  temperatures,  enables  us,  according  to  Van't  Hoff,  to  under- 
stand why  the  oxidation  of  one  substance  promotes  the  oxidation  of 
another.  All  ions  of  one  kind  enter  into  combination  with  the  au- 
toxidizable  substance  during  the  process  of  autoxidation,  thereby 
leaving  the  ions  of  the  opposite  kind  free  to  combine  with  a  second 
substance,  the  acceptor,  which  ordinarily  in  the  absence  of  a  carrier, 
will  not  combine  with  oxygen  at  all.  Thus  in  the  oxidation  of  indigo 
by  oxidizing  phosphorus,  we  would  have,  according  to  Van't  Hoff: 

O,  =  ©  +  0, 

ami 

P  +  ©=PO, 
and 

Indigo  +  O  =  Isatin ; 
or  in  general, 

O,  =  ©-f-0, 
and 

^  +  ©=^0, 
and 

5  +  0=50. 

Accortling  to  this  view  neither  A  nor  B  can  combine  with  molecular 
oxygen,  but  since  this  dissociates  to  a  slight  extent,  even  under  ordi- 
nary Ci)nditions,  and  since  ©  can  combine  with  A,  it  leaves  the  other 
ion,  0,  free  to  combine  with  B. 

The  assumption,  however,  that  the  oxygen  molecule  dissociates 
into  two  oppositely  polarized  atoms  is  by  no  means  rendered  necessary 
by  these  facts  alone,  since  the  equal  distribution  of  oxygen  between 
two  oxidizable  substances,  one  of  which  functions  as  the  autoxidator 
and  the  second  only  in  the  capacity  of  acceptor,  can,  as  we  shall  see, 
be  e({ually  well  if  not  better  explained  on  the  assumption  that  the 
autoxidizable  substance  combines  with  a  molecule  of  oxygen  to  form 
an  unstable  peroxide,  which  in  turn  gives  up  half  of  its  oxygen  to 
the  acceptor,  thus: 

J+0,=ylO, 

and 

^0^  +  5  =.10 +  50, 
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and  certainly  for  most,  if  not  all,  of  the  actual  cases  thus  far  investi- 
gated, such  an  assumption  is,  as  we  shall  see,  more  in  harmony  with 
the  facts,  since  the  formation  of  such  peroxides  as  AO.  rests  on  indis- 
putable experimental  evidence. 

From  his  studies  on  the  electrification  of  gases,  Schuster  C"-)  as- 
sumes that  under  the  influence  of  the  electric  current  the  molecules 
of  gaseous  substances  are  broken  up  at  the  negative  pole.  A  numlier 
of  chemists  in  attempting  to  account  for  the  activation  of  oxygen 
have  thought  it  necessary  to  assume  the  decomposition  or  disruption 
of  the  oxygen  molecule  through  the  action  of  oxygen  carriers.  Tlius 
in  1870,  Loew  ("")  advanced  the  view  that  in  slow  and  rapid  oxitlation 
the  splitting  of  the  oxygen  molecule  into  its  atoms  occurs.  Fuda-  i 
kowsky  0")  concurs  in  this  view.  I 

From  his  study  of  ferment ation,  more  especially  of  those  changes  oc-  ^ 
curring  in  putrefaction  and  anaerobic  fermentation,  Iloppe-Seyler  ("' )  ; 
in  1878,  arrived  at  the  notion  that  oxygen  is  rendered  active  through  j 
the  agency  of  active  (nascent)  hydrogen,  which  in  ah  processes  of  | 
this  kind  "appropriates  to  itself  an  atom  of  oxygen  tt)  form  water,  j 
thereby  leaving  the  other  atoms  of  oxygon  free  or  in  the  active  condi-      | 

tion.     Thus, 

H  +  H  +  02  =  H,()  +  0 

and 

Ji  +  ()  =  m),  ! 

where  7?  represents  a  substance  which  can  not  ordinarily  combine 
with   molecular   oxygen.     In   many   processes   of  putrefaction   and 

anaerobic  fermentation,  he  observed  that  hydrogen  is  a  constant  ; 

product.     Furthermore,  he  found  it  to  be  active,  in  the  sense  that  it  , 

has  the  power  of  accomplishing  the  reduction  of  many  substances  not  I 

ordinarily  reducible  by  molecular  hytlrogen.     In  other  words.  Tloppe-  j 

SeylerC^b   assumes    that   the  nascent   hydrogen  splits    the  oxygen  , 

molecule,  forming  water  and  liberating  atomic  oxygen,  whicli  can  > 

then  combine  with  easily  oxidizable  substances,  or  if  no  such  sub-  • 

stances  be  at  hand,  with  water  to  form  hyilrogen  peroxide,  or  with  j 

oxvgen  to  form  ozone,   or  with   carbon   monoxide   to  f(»rni   carbon  j 
dioxide,  as  was  shown  by  Baumann  (^"). 

In  the  field  of  pure  ciiemistry  many  facts  of  similar  import  were 
already  known,  so  that   in  seeking  for  an  explanation  of  his  o^vn 

results,   Iloppe-Soyler  found   many   analogies   to   draw   ujxin.     For  , 

example,  as  early  as   IS.'^:^,  Osann  ('"•"'•  "'^)  had   made  the  observa-  I 

tion  that  carbon  and  phitimim  which  had  been  charged  with  hydrogen  I 

at  the  cathode  in  the  electrolysis  of  dilute  sulfuric  acid,  could  efl'ect  | 

the  reduction  of  silver  com|)ounds  in  solution,  etc..  and  somewhat  ^ 

later  BeketofT  0')  liad  shown    that   coi)per  couM    be  riMJuccd   from  j 

solutions  of  copper  sulfate  and  silver  from  solutions  of  silver  mtrate  \ 

by  passing  hydrogen  through  such  solutions  containing  a  i)iece  of  j 
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platinum  foil.  On  the  other  hand,  such  sohitions,  in  the  absence  of 
platinum,  suffered  no  reductions  in  the  current  of  hydrogen  alone. 
Then  followed  the  beautiful  discovery  of  Graham  (i^^-ios)  j^  1866-68, 
that  platinum  and  particularly  palladium,  and  other  metals  to  a 
slight  extent,  have  the  power  of  absorbing  considerable  amounts 
of  hydrogen  under  the  influence  of  moderate  amounts  of  heat,  or 
as  the  result  of  electrolysis.  Furthermore,  the  hydrogen  in  these 
metallic  combinations  was  recognized  as  active,  in  the  sense  that 
it  could  reduce  iodine  to  hydriodic  acid,  ferric  salts  to  ferrous  salts, 
etc. ,  changes  which  can  not  be  effected  by  ordinar}-  molecular  hydrogen 
in  the  cold.  According  to  Graham,  the  hydrogen  under  these  con- 
ditions becomes  polarized,  its  affinity  for  oxygen  thereby  being 
greatly  increased.  Such  hydrogen,  for  example,  was  found  to  combine 
with  oxygen  even  in  the  cold,  with  the  production  of  water.  Now 
in  the  course  of  his  own  investigations  Hoppe-Seyler  found  that 
freshly  prepared  palladium  hydride  has  the  power  of  reducing  copper 
sulfate  to  metallic  copper,  that  it  decolorizes  a  solution  of  indigo, 
and  reduces  potassium  permanganate  in  neutral  solution  to  manganese 
dioxide,  or  in  acid  solution  to  a  manganous  salt;  that  it  converts 
c[uinone  into  quinhydrone  and  changes  oxyhemoglobin  to  methemo- 
globin.  He  found  further  that  these  powerful  reductions  are  brought 
about  only  when  the  palladium  hydrogen  compound  is  fresh;  if 
allowed  to  stand  it  loses  these  properties,  while  it  is  still  found  to 
contain  hydrogen. 

These  reducing  actions  correspond  entirely  to  those  exhibited  on 
(Ussolving  zinc  or  tin  in  dilute  acids;  in  other  words,  they  are  effected 
by  nascent  or  active  hydrogen.  According  to  Hoppe-Seyler  the 
most  interesting  reduction  which  can  be  effected  by  active  hydrogen 
is  that  of  molecular  oxygen  to  water,  whereby  —OH  or  —  O— O— H, 
and  finally  water  and  active  oxygen,  are  formed  successively.  He 
found  further  that  if  one  shakes  some  palladium  foil  saturated  with 
hydrogen  with  a  dilute  starch  paste  containing  potassium  iodide 
and  air,  there  is  produced  in  a  few  moments  a  dark-blue  solution  of 
the  iodide  of  starch.  In  other  words,  through  the  influence  of  the 
hydride  of  palladium,  potassium  iodide  is  oxidized  by  the  oxygen 
of  the  air,  a  change  which  ordinarily  takes  place  only  with  extreme 
slowness.  If  now  the  foil  be  boiled  with  water  and  heated  to  redness 
to  expel  the  hydrogen,  it  no  longer  has  the  power  to  form  the  iodide 
of  starch  when  shaken  with  a  solution  of  potassium  iodide  and  starch 
in  contact  with  air. 

Similarly,  indigo  is  oxidized  to  isatin  and  ammonia  to  ammonium 
nitrite,  benzene  to  phenol  and  toluene  to  benzoic  acid,  when  these 
several  substances  in  afpieous  solution  are  shaken  with  air  and 
palladium  hydride.  All  of  these  changes  go  to  show  that  we  have 
here  to  deal  with  very  vigorous  oxidations,  and  it  can  not  be  doubtetl 
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that  they  are  brought  about  indirectly  by  active  hydrogen.     Accord- 
ing to  Hoppe-Seyler  there  is  no  probabihty  of  another  exphination 
than  that  the  active  hydrogen  renders  the  oxygen  active,  and  since 
it,  the  hydrogen,  combines  with  oxygen  to  form  water,  the  process 
can  scarcelv  be  conceived  otherwise  than  that  when  active  hydro- 
gen  appropriates  unto   itself  one   atom  of  oxygen  of  the  oxygen 
molecule  to  form  water,  it  sets  free  the  other  atom  of  oxygen,  thereby 
rendering  it  active,  and  that  just  as  the  free  atom  of  hydrogen  can 
not  remain  free,  so  this  atom  of  oxygen  can  nt)t  remain  free,  and 
hence  when  no  other  oxidizable  substance  is  present,  it  unites  with 
the  water  to  form  hydrogen  peroxide,  or  with  molecular  oxygen,  O.,, 
to  form  ozone.     The  action  of  hydrogen  upon  indifferent  oxygen 
corresponds  to  the  action  thereupon  of  many  other  substances  having 
a  strong  affinity  for  oxygen,  such,  for  example,  as  magnesium,  phos- 
phorus, etc.     Hence  it  is  that   when   magnesium  burns  in  the  air 
nitrous  acid  is  produced  (Kammerer  2=''),  and  in  the  slow  oxiilation 
of    phosphorus  one  atom  of    oxygen    is  rendereil   active   for  every 
two    atoms   of   phosphorus   oxidized.     This   latter   change   Hoppe- 
Seyler  represented  in  the  following  manner: 

2P  +  3H,0  +  202  =  2(P03H3)+0, 

so  that  for  every  two  atoms  of  i)hosphorus  oxidized  at  least  one 
atom  of  oxygen  is  rendered  active.  According  to  lIopi)e-Seyler,  the 
observation  l)y  Schoenbein  that  hydrogen  peroxide  is  formed  by 
shaking  zinc  dust  or  iron  powtler  with  air  and  water  can  scarcely 
be  interi)reted  otherwise  than  as  resulting  from  the  reduction  of 
inditt'erent  oxygen  by  the  metal.  Thus  in  the  oxidation  of  iron  in 
the  presence  of  water  we  would  have,  according  to  lloppc-Scyler, 
the  following  reaction: 

Ke  +  O] :  [O  +  n,0  =  FeO  +  TT  A- 

According  to  tliis  author,  however,  mmv  of  these  processes  exhibit 
these  changes  as  clearly  and  as  simply  as  i)alhulium  hydride. 
Hoppe-Soyler  saw,  therefore,  in  this  remarkable  compound  the 
chemical  prototype  of  those  complex  unstable  hydrogen  comi>ounds 
resulting  from  the  anaerobic  changes  occurring  in  living  mat  lor, 
the  decomposition  of  which  gives  rise  to  a(tiv(>  hyihogcMi.  and  upon 
the  conduct  of  palladium  hydride  this  author  based  his  (•onclusit)ns 
res])ecting  animal  oxidation.  During  putrefaction,  hydrogen  is  pro- 
duced, and  while  in  the  absence  of  air  powerful  rechictions  occur,  ui 
the  presence  of  air,  powei-ful  oxidations  also  occur  in  the  putrefying 
li(piid,  i)arti(uhniy  in  the  upi)er  or  exposed  portions  then^of.  He 
was  also  of  the  ..pinion  that  similar  changes  occur  in  all  living  cells. 
Th(>  weak  point  n\  this  theory  of  oxygen-activation  is  that  it  accounted 
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for  the  formation  of  hydrogen  peroxide  in  certain  oxidations  on  the 

supposition  that  this  compound  is  formed  b}'  the  oxidation  of  water 

by  an  atom  of  active  oxygen.     Thus  he  explained  the  formation  of 

hydrogen  peroxide  (hiring  the  oxidation  of  metals  in  the  following 

manner : 

M+O,=  M0  +  O, 

and 

11,0 +  0  =  1120,- 

The  principal  objections  which  have  been  urged  against  this  theory 
are,  first,  that  it  fails  to  take  into  account  the  formation  of  peroxides 
other  than  hydrogen  peroxide  as  the  result  of  processes  of  autoxida- 
tion,  and,  second,  that  it  accounts  for  the  formation  of  hydrogen 
peroxide  in  processes  of  autoxidation  on  the  assumption  that  this 
compound  results  from  the  oxidation  of  water.  It  is  now  known 
that  many  i)eroxides  other  than  hydrogen  peroxide  are  produced 
during  processes  of  autoxidation,  and  it  was  pointed  out  by  Welt- 
zien  (""'  "')  as  early  as  1860  that  hydrogen  peroxide  can  not  be  re- 
garded as  oxidized  water.  (See  also  Bach  (^^ )  While  it  was  afterwards 
claimed  by  Richardson  i^*"'  ^"'  ^**)  that  water  is  oxidized  during  the 
oxidation  of  ether  by  oxygen  in  sunhght,  apparently  the  precise 
conditions  for  accomplishing  this  oxidation  have  never  been  described, 
and  Dunstan  and  Dymond  C'^^)  have  shown  that  hydrogen  peroxide 
is  never  produced  by  the  action  of  oxygen  on  water  under  the  influ- 
ence of  light  and  heat,  even  in  the  presence  of  dilute  sulfuric  acid. 
We  know  now  that  hydrogen  peroxide  is  formed  during  the  autoxida- 
tion of  various  substances,  sometimes  as  the  primary  product  of  the 
oxidation  of  labile  hydrogen  atoms  or  hydrogen  ions;  more  frequently 
as  a  secondary  product  resulting  from  the  hydrolysis  of  another 
peroxide  previously  formed  during  the  autoxidation,  but  never  by 
the  oxidation  of  water. 

In  a  series  of  remarkably  interesting  and  suggestive  communica- 
tions extending  over  a  period  of  eleven  years,  from  1882  to  1893,  and 
published  for  the  most  part  in  the  Berichte  der  Deutschen  Chemi- 
schen  Gesellschaft,  Mauritz  Traube  i^^^)  laid  the  foundations  of  the 
peroxide  theory  of  oxidation  and  enriched  the  nomenclature  of  the 
subject  with  many  valuable  terms,  such  as  "autoxidation,"  "autoxi- 
dizable,"  "holoxide,'"  etc.  The  clue  to  an  understanding  of 
Traube's  peroxide  theory  of  oxidation  is  to  be  found  in  the  fact  that 
water  is  necessary  for  most  if  not  all  oxidations  proceeding  spontane- 
ously at  ordinary  temperatures  and  that  hydrogen  peroxide  is  pro- 
duced as  one  of  the  products  in  all  or  at  least  in  nearly  all  of  those 
oxidations  that  are  effected  by  molecular  oxygen.  He  ("'')  made  the 
interesting  observation  that  pure  metallic  sodium  retains  its  bright 
luster  for  forty  hours  in  an  atmosphere  of  dry  oxygen,  whereas  it  k 
instantly  tarnisiied  the  moment  that  ;i  tiace  of  moisture  is  admitted. 
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He  also  discovered  that  in  perfectly  pure  air-free  water,  metals  like 
zinc  and  iron  retain  their  luster  undiminished,  whereas  if  air  he 
admitted  they  soon  rust.  Evidently,  therefore,  two  factors  are 
concerned  in  the  rusting  of  metals,  viz,  water  and  oxygen. 

It  was  also  recognized  about  this  time  that  water  is  essential  to 
the  oxidation  of  combustible  gases.  Dixon  C^*')  had  observed  that 
a  mLxture  of  perfectly  dry  carbon  monoxide  and  oxygen  does  not 
explode  under  the  influence  of  the  electric  spark,  nor  do  they  combine 
when  passed  over  red-hot  platinum  gauze,  and  Traube  (^''M  himself 
made  the  observation  that  a  flame  of  burning  carbon  monoxitle  is 
extinguished  on  being  brought  into  perfectly  dry  air.  lie  therefore 
reached  the  conclusion  that  "no  substance  can  act  upon  (hy  oxygen 
at  ordinary  temperature."  (Traube  C^^),  p.  1881.)  Other  chemists, 
among  them  Ncf  ('")  and  Armstrong  C''),  have  arrived  at  essentially 
similar  conclusions  respecting  the  necessity  for  water  in  many  such 
processes  of  oxidation,  and  recently  Dunstan,  Jowett,  and  Gould- 
ing  C^")  have  found  that  both  water  and  oxygen,  the  former  in  the 
liquid  condition,  are  necessary  for  the  rusting  of  iron.  Cushman  ('-*) 
also,  in  a  recent  communication  on  the  "Corrosion  of  Iron,"  states 
that  while  not  agreed  as  to  the  mechanism  of  the  process,  all  investi- 
gators are  agreed  that  both  oxygen  and  water  are  essential  to  the 
rusting  of  iron. 

That  hydrogen  peroxide  is  formed  (hiring  the  oxidation  of  oxidizablc 
substances  by  molecular  oxygen  was  known  even  to  Schoenbein 
(see  Traube  ("^),  supra),  and  since  his  time  instances  of  its  formation 
during  oxidation  had  greatly  accumulated  in  chemical  literature. 
When,  for  example,  finely  divided  zinc  is  shaken  with  air  and  water, 
the  metal  is  gradually  oxidized  and  hydrogen  peroxide  is  found  in 
considerable  quantities  in  the  solution.  These  observations  on  the 
production  of  hydrogen  ])eroxide  as  the  result  of  oxi(hition  by 
molecular  oxygen  acting  in  the  presence  of  water  were  greatly 
extended  by  traube.  11ius  he  ('■''-)  observed  its  production  in  large 
amounts  at  the  cathode  during  electrolysis  when  oxygen  or  air  is 
passed  through  the  solution  surrounding  tlie  negative  pole,  whereas 
it  is  never  jjnxhiced  by  the  action  of  molecular  hytlrogen  on  the 
oxygen  liberated  at  the  anode.  Scludler  (■"")  had  shown  that 
hydrogen  ])eroxi(U^  results  from  the  burning  oi  hydrogen,  and  on 
relocating  these  experiments  Traube  ("')  succeeded  in  obtaining  as 
niucli  as  0.01  OS  gram  of  hydrogen  peroxide  by  tli(>  burning  of  1 
liter  of  hy(h-ogcn.  Traube  ('•")  also  made  the  interesting  observation 
that  hydrogen  pero.xide  is  produced  by  allowing  a  flame  of  burning 
carbon  monoxide  to  impinge  on  the  surface  of  wain-.  'I'hese  and 
many  facts  of  similar  import  led  him  to  believe  that  in  all  oxidations 
it  is  the  molecule  of  oxygen  and  not  the  atom  which  first  enters  into 
cond)ination  with  the  autoxidi/.ablc  substance. 
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To  Traube,  therefore,  we  owe  the  introduction  into  the  science  of  a 
number  of  cUstinctly  new  ideas  respecting  oxidation  plienomena. 
These  are  as  follows: 

First.  That  in  all  processes  of  autoxidation  the  oxygen  molecule 
as  a  whole  combines  with  the  oxidizable  substance,  or  with  the  hydro- 
gen of  water  under  the  influence  of  the  oxidizable  substance,  to  form  a 
peroxide  (holoxide).  Thus  when  hydrogen  burns  in  air  or  oxygen, 
hydrogen  peroxide  is  the  primary  product  of  the  oxidation,  the 
formation  of  water  resulting  from  the  reduction  of  the  peroxide  by 
the  action  of  the  hydrogen;  thus: 

and 

Second.  That  water  actively  participates  in  all  or  at  least  in  the 
greater  number  of  autoxidations,  and  that  hydrogen  peroxide  is 
formed  as  a  primary  product  of  such  autoxidations.  When,  for 
example,  zinc  oxidizes  at  ordinary  temperatures  in  the  presence  of 
water  the  following  changes  occur: 

Zn  +  HQ];[^  +  0,=Zn(OH),  +  HA. 

Similarly,  according  to  Traube,  traces  of  moisture  are  necessary  for 
the  burning  of  carbon  monoxide  for  the  following  reasons: 

and 

CO  +  HA  =  H,C03, 
and 

2H2C03  =  2CO,+2HA 

Third.  That  the  phenomenon  of  oxygen-carrying  is  due  primarily 
to  the  oxidation  of  the  second  oxidizable  substance,  the  acceptor,  by 
the  hydrogen  peroxide  resulting  from  the  oxidation  of  the  autoxi- 
dizable  substance  (the  carrier)  in  the  presence  of  water.  Wlien,  for 
example,  palladium  hydride  is  shaken  with  air  and  water  large 
amounts  of  hydrogen  peroxide  are  formed.  If,  however,  a  second 
oxidizable  substance  is  present,  such  as  carbon  monoxide  or  potassium 
iodide,  it,  as  well  as  the  hydrogen  of  the  palladium  hydride,  is  oxidized 
for  the  reason  that  under  the  influence  of  the  palladium  these  are 
oxidized  by  hydrogen  peroxide ;  thus : 

PdoH     HO.H      „       ._ ,     ^__  ^     TT  ^ 
PdJI  +  HO.H  +02=4Pd  +  2H,0  +  HA, 

and 

C0  +  HA=H,C03, 
or 

2KI  +  IIA  =  2KOH+l2. 
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Fourth.  Contrary  to  the  views  of  Hoppe-Seyler  it  is  not  the  oxygen 
molecule  which  is  decomposed  in  autoxidations,  but  the  molecule  of 
water,  whereby  atomic  hydrogen  is  formed,  which  then  combines 
directly  with  the  molecular  oxygen  to  form  hydrogen  peroxide. 
Digramatically  the  essential  points  of  difference  between  these  two 
theories  of  oxidation  may  be  represented  as  follows: 

3/+0]:[0  +  H,0=  J/0+H,0,  (Hoppe-Seyler). 
and 

J/+^q1R{  +  03=  i^/(OH),  +  HA  (Traube). 

The  weak  point  in  Iloppe-Seyler's  theory  is  tliat  it  explains  the 
formation  of  hydrogen  peroxide  by  the  oxidation  of  water.  On  the 
contrary,  everything  points  the  other  way,  viz,  that  water  results 
from  hydrogen  peroxide  by  loss  of  oxj^gen,  either  as  the  result  of 
decomposition  or  through  the  action  of  oxidizable  substances. 

The  objection  to  Traube's  theory  is  that  it  has  not  been  possible 
to  prove  the  presence  of  hydrogen  peroxide  among  the  products  of 
all  autoxidations.  Thus  Cushman  C^*)  obtained  no  evidence  of  it 
in  his  recent  study  of  the  corrosion  of  iron.  Trau])e,  however,  explains 
its  a'bsence  in  certain  autoxidations  on  the  ground  that  it  is  decom- 
posed as  fast  as  formed  by  the  other  substances  produced  during  the 
oxidation.  Thus  in  the  case  of  the  slow  oxitlation  of  iron  it  is  prob- 
able that  the  hydrogen  peroxide  resulting  from  the  first  j)hase  of  tlie 
oxidation  is  partly  consumed  in  the  further  oxidation  of  the  ferrous 
hydroxide  to  iron  rust.  It  should  also  be  borne  in  mind  that  hydro- 
gen peroxide  is  also  decomposed  into  water  and  oxygen  by  most,  if 
not  all,  of  those  substances  whose  oxidation  it  can  accomplish,  so  that, 
all  things  considered,  it  is  not  surprising  that  it  sht)uld  occasionally 
be  found  to  be  absent  from  solutions  in  whicli  autoxidation  ]irocesses 
are  taking  place. 

During  recent  years  the  ])eroxi(le  theory  of  oxidation  has  been  con- 
siderably extended  tlirough  the  labors  of  Bach,  Eirgler,  and  Manchot , 
and  their  coworkers  in  this  field.  In  the  main  the  work  of  these 
several  observers  has  consisted  in  the  extension  and  elaboration  of 
Traube's  peroxide  theory  of  oxidation.  Thus  in  1S07  Bach  ("") 
investigated  the  slow  oxidation  of  a  large  number  of  substances  and 
arrived  at  the  conclusion  that  readily  oxidizable  substances  cond)in(' 
with  partially  dissociated  molecular  oxygen,  — O  — 0-,"  to  form  per- 
oxides, and  that  these  latter  substances  when  once  formed  promote 
and  accelerate  the  oxidation  of  any  other  less  readily  oxidizable  sub- 
stances that  may  happen  to  be  present.  lie  also  came  to  the  con- 
clusion that  the  oxidizing  ferments  of  the  l)lood  are  in  reality  readily 
oxidizable  substances,  having  a  special  ajititnde  for  forming  per- 
oxides. Similar  conclusions  have  been  reached  by  other  chemists 
respecting  the  nature  of  the  plant  oxidases. 


'»5(r  von  llcliuhdltz  and  Rirharz  (-'^). 
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According  to  Ostwald  i^")  Bach's  theory  of  slow  oxidation 
derives  support  from  the  energy  relations  existing  between  the  com- 
bining substances  and  the  intermediate  and  final  products  of  the 
combustion.  He  (Ostwald)  is  also  of  the  opinion  that  the  production 
of  unstable  intermediate  products  is  not  be  looked  upon  as  an  uncom- 
mon occurrence,  but  rather  as  the  rule,  and  that  as  a  general  thing  in 
chemical  processes  it  is  not  the  most  stable  products  which  are  first 
produced,  but  ofttimes  the  most  unstable. 

More  recently  Manchot  and  Herzog  (^^^'  ^*^)  have  quantitatively 
studied  the  oxidation  of  indigo- white,  hydrazobenzene,  and  a  number 
of  other  complex  organic  compounds  in  alkaline  solution,  by  air  or 
oxygen.  All  of  their  results  have  gone  to  show  that  as  much  oxygen 
may  be  obtained  from  the  metallic  peroxides  resulting  from  the  oxida- 
tion as  enters  into  the  oxidation  of  the  oxidizable  compound  itself- 
In  other  words,  they  found  that  one-half  of  the  total  oxygen  consumed 
in  such  processes  went  to  oxidize  the  autoxidizable  substance,  while 
the  other  half  went  to  form  h3'drogen  peroxide.  Thus  in  the  case  of 
hydrazobenzene  we  would  have 

CJI3XH  CeH^N 

I      +0.,=  •         II  +H2O2. 
CeH^NH       '     CeH.N 

As  the  oxygen  molecule  is  composed  of  two  atoms,  he  also  reached 
the  conclusion  that  a  molecule  of  oxygen  either  united  with  the 
oxidizable  substance  to  form  a  primary  oxide,  which  is  subsequently 
decomposed  by  water  into  a  simpler  oxide  and  hydrogen  peroxide, 
or,  as  in  the  case  of  indigo- white,  the  molecule  of  oxygen  unites  with 
the  hydrogen  of  the  leuco-compound,  forming  indigo  and  hydrogen 
peroxide.  If  the  oxidation  take  place  in  a  solution  of  barium  hy- 
droxide, the  hydrogen  peroxide  is  removed  as  fast  as  formed  in  the 
form  of  barium  peroxide,  equivalent  amounts  of  indigo  and  barium 
peroxide  being  formed,  thus: 

In  case  the  hydrogen  peroxide  is  not  removed  in  some  insoluble 
combination,  it  reacts  with  a  second  molecule  of  indigo-white,  in 
which  case  we  would  have  ultimately  two  molecules  of  indigo  formed, 
thus : « 

InR,  +  0,=  In +  R,0„ 
and 

InR, +  lhO,  =  In +  211,0. 


"  Falk  (''")  in  discussing  the  oxidation  of  indigo-white  has  offered  the  interesting 
and  plausible  suggestion  that  indigo-white  may  be  looked  upon  as  a  phenol,  which  on 
oxidation  passes  to  a  quinone,  thus: 

C-OH           C-OH  C:0  C:0 

CeH/     "~^C-0^   "^C,H, ►  C,n/  ">C  :  C^  ">C«H,. 
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These  experiments  afford  quantitative  proof  of  the  peroxide  theory 
of  oxidation. 

A  similar  case  has  been  studied  by  Bamberger  (^*),  who  showed 
that  when  an  aqueous  sohition  of  phenylhydroxylamin  is  exposed 
to  the  air  it  is  oxidized  to  nitrosobenzene  with  the  formation  of  hy- 
drogen peroxide,  tlius: 

CeH^NHOH  +  O2  =  C  JI,\0  +  H,0,. 

Thus  three  grams  of  phenylhydroxylamin  in  40  grams  of  water 
yield,  after  treatment  with  a  current  of  air  for  seventy  liours,  2.5 
grams  of  azoxybenzene. 

Finally,  during  the  last  ten  or  twelve  j-ears  Engler  and  his  co- 
workers Q*'^'  ^^■')  have  done  a  great  deal  to  extend  the  peroxide  theorv 
of  oxidation.  According  to  these  authors  every  oxidation  consists 
primarily  in  the  union  of  molecular  oxygen  with  the  substance  under- 
going the  oxidation,  and  that,  contrary  to  Traube.  the  primary  product 
of  the  autoxidation  is  not  necessarily  hydrogen  peroxide  but  a  j5cr- 
oxide  of  the  substance  undergoing  oxidation.  Thus  when  rubidium 
burns  in  air  it  is  converted  quantitatively  into  rubidium  peroxide — 

Kb  +  (),=  Rb()2, 

and,  as  shown  by  Baeyer  and  Villiger  (^^),  when  benzaldehyde  is  ex- 
posed to  oxygen  or  air  it  is  first  converted  into  benzoyl-hydrogen 
peroxide,  thus: 

(yisCIIO  +  O.,  =  CJIsCO.O.OIT. 

Engler  and  his  coworkers  have  also  pointed  out  that  hydrogen  per- 
oxide, so  frequently  encountered  in  processes  of  autoxithition,  may  !)(> 
produced  in  several  entirely  different  ways;  first,  as  the  primary 
product  of  the  autoxidation — as,for  example,  the  burning  of  hydrogen 
or  by  the  action  of  oxygen  on  the  hydr<)gen  liberated  at  the  cathode 
during  electrolysis,  or  in  the  oxidation  of  substances  like  indigo-white 
and  hydrazobenzene,  which  contain  labile  hvdrogen  atoms,  thus: 


and 


"-  +  -^  =  110 

InU.,+0.,  =  In+U.O.,; 


or,  as  Traube  pouited  out,  it  may  result  from  any  autoxidation  in 
which  water  is  essential  to  tlie  oxidation;  thus: 

^^n +  ][[]]£{[ -H0,  =  Zn(0H),  +  H30,. 

According  to  Kngler,  the  true  autoxidator  in  such  processes  is  the 
hydrogen  ion,  while  1h>  looks  ujxin  th(>  zinc  as  the  pseudo-autoxidator. 
Secondly,  as  i)()iiife(l  out   by  Kngler,  hydrogen  ])eroxi(le  is  fretpientiv 
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a  secondary  product  resulting  from  the  decomposition  or  hydrolysis 
of  the  primary  peroxide  by  the  action  of  water.  Thus,  Clover  and 
Houghton  (1'")  have  observed  that  succinic  peroxide  acid. is  readily 
hydrolyzed  by  water,  yielding  succinic  acid  and  hydrogen  peroxide, 
in  the  sense  of  the  equation — 

CH^COOH 

CH,CO\^    ,_^       CH.COOH 


CHCO/^^  +  2H^^  =  2l  +HA- 

y.ri,^^/  CH2COOH 

CH^COOH 

Finally,  Engler  and  Weissberg  C^"^),  have  laid  considerable  stress 
upon  the  idea  that  dissociation  or  the  liberation  of  free  valences, 
both  in  the  oxygen  molecule  and  in  the  substance  undergoing  au- 
toxidation,  are  necessary  for  autoxidation  processes,  and  in  this  way 
they  explain  the  effect  of  heat  and  light  in  accelerating  oxidations 
and  also  account  for  the  ease  with  which  unsaturated  organic  com- 
pounds undergo  oxidation.  They  assume,  with  von  Helmholtz  and 
Richarz  C^"*)  and  Bach  (^^) ,  a  partial  dissociation  of  the  oxygen  mole- 
cule, resulting  in  the  complex  —  O  —  O  — ,  thereby  enabling  them  to 
account  for  the  direct  addition  of  the  whole  molecule  of  oxygen  to 
the  oxidizing  substance. 

In  the  light  of  these  considerations  the  phenomenon  of  oxygen- 
activation  is  easily  explained.  According  to  Engler  and  his  follow- 
ers it  is  due  primarily  to  the  oxidation  of  the  second  substance — the 
acceptor — by  the  peroxide  (moloxide)  resulting  from  the  autoxida- 
tion of  the  carrier.  Thus,  when  an  autoxidizable  substance.  A,  finds 
itself  in  contact  with  oxygen  and  a  second  oxidizable  substance,  B, 
the  following  changes  would  occur: 

A  +  0,  =  AO„ 
and 

AO,+B  =  AO+BO. 

In  this  way  a  substance  incapable  of  combining  directly  with 
oxygen  may  be  oxidized  through  the  intervention  of  another  sub- 
stance, and  a  given  quantity  of  oxygen  equally  distributed  between 
them.  To  take  the  case  of  the  oxidation  of  benzaldehyde  and  the 
changes  which  may  be  accomplished  through  the  oxidation  of  this 
compound  at  ordinary  temperatures  in  the  air.  \Mien  exposed  to 
the  air  this  compound  is  converted  into  benzoyl-hydrogen  peroxide 
i&ee  Baeyer  and  Villiger  (^^)) — 

CeH5CHO  +  0,  =  CeH5CO-0-0-II. 
If  allowed  to  remain  in  contact  with  water,  benzoyl-hydrogen  per- 
oxide is  hydrolyzed  with  the  production  of  benzoic  acid  and  hydro- 
gen peroxide — 

CellsCO.O.OH  +  HOH  =  CeH^COOII  +  H^O^. 


30 

On  the  other  hand,  if  allowed  to  remain  in  contact  with  a  second 
molecule  of  benzaldehvde,  it  oxidizes  the  second  molecule  of  the 
aldehyde  with  the  production  of  two  molecules  of  benzoic  acid, 

CeHsCO.O.OH  +  CellsCHO  =  2CeH5COOn ; 

or  finally,  if  an  oxidizable  substance,  such  as  indigo,  be  present,  it 
oxidizes  the  indigo  with  the  production  of  benzoic  acid  antl  isatin, 
thus — 

C\6HjoX20,  +  C6n5C0.0.01I  =  2C8H5NO,  +  2CJI5COOII. 

Hence  when  a  solution  of  indigo  is  shaken  with  benzaldehyde  both 
are  oxidized,  w^hereas  the  indigo  alone  is  unchanged  by  molecular 
oxygen. 
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Chapter  II. 
THE  OXIDIZING  FERMENTS. 

In  its  present  shape,  therefore,  the  peroxide  theory  of  oxidation 
accounts  for  the  phenomena  of  autoxidation  and  oxygen  carrying 
upon  the  supposition  that  spontaneously  oxidizable  substances  have 
the  power  of  combining  with  partially  dissociated  molecules  of  oxygen 
to  form  peroxides.  These  peroxides  may  then  react  either  with  addi- 
tional amounts  of  the  autoxidizable  substance  itself  or  with  some 
other  substance  to  form  simpler  oxides.  Thus,  it  may  happen  that  as 
the  result  of  its  oxidation  one  substance.  A,  may  effect  the  oxidation 
of  a  second  substance,  B,  which  latter  is  not  directly  oxidizable  under 
ordinary  conditions.  In  this  way  the  modern  theory  of  oxidation 
affords  a  simple  explanation  of  the  formation  of  peroxides  and  of  the 
phenomenon  of  oxygen  carrying. 

The  numerous  applications  of  this  theory  are  by  no  means  confined 
to  the  inorganic  world.  In  the  life  cycle  of  the  plant  and  animal  we 
meet  with  many  changes  which,  in  so  far  as  oxygen  is  involved,  find 
their  simplest  explanation  in  terms  of  this  hypothesis.  The  affinity 
for  oxygen  which  is  displayed  not  only  by  the  warm-blooded  animals, 
but  even  by  plants,  is  often  remarkable.  That  such  is  the  case  may 
be  gathered  from  the  fact  that  Phipson  C^")  in  1896  employed  one  of 
the  higher  fungi,  Agaricus  atramentarius,  as  an  agent  where^\^th  to 
effect  the  analysis  of  atmospheric  air.  It  has  so  happened,  therefore, 
that  in  the  history  of  our  science  both  a  mouse  and  a  mushroom  have 
been  emploj^ed  as  oxygen  absorbents  wherewith  to  determine  the 
quantity  of  oxygen  in  atmospheric  air.  During  the  absorption  of 
oxygen  by  plants  various  substances  are  produced  which  are  capable 
of  effecting  oxidations  which  ordinarily  can  not  be  brought  about  by 
molecular  oxygen  alone,  such,  for  example,  as  the  bluing  of  guaiacum, 
the  conversion  of  hydroquinone  into  quinone,  the  liberation  of  iodine 
from  potassium  iodide,  etc.  Like  many  of  the  chemical  agents  of  the 
living  cell,  these  powerfid  oxidizing  substances  are  characterized  by 
great  instability.  They  are  destroyed  by  heat  and  mineral  acids  and 
by  various  poisons,  such  as  hydrogen  cyanide,  sulphur  dioxide,  phe- 
nylhydrazin,  etc.  It  is  claimed  by  some  observers  that  they  act 
catalytically,  and  hence  are  believed  to  partake  of  the  nature  of  fer- 
ments.    These  substances  are  the  oxidases  °  or  oxidizing  ferments, 

oThe  following  general  references  to  the  literature  of  this  subject  will  be  found  of 
interest  in  this  connection:  Remarques  sur  les  matiferes  oxydantes,  que  Ton  pent 
rencontrer  chez  les  etres  vivants,  by  Bourquelot  (*'');  Ueber  Oxydationsfermente,  by 

(31) 
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and  closely  associated  with  this  remarkable  "roup  of  substances  are  ' 

the  peroxidases  and  catalases,  which  have  the  power  of  decomposing  ; 

hydrogen  peroxide  or  rendering  active  the  oxygen  which  it  contains.  . 

While  in  many  instances,  as  pointed  out  by  Wender  (***),  the  precise  ! 
role  of  these  catalysts  in  the  life  of  the  cell  has  not  as  yet  been  deter-  ■ 
mined, 'it  is  known  that  they  are  very  widely  distributed  in  the  plant  j 
and  animal  kingdoms  and  that  they  are  concerned  in  many  important  | 
bio-ctiemical  processes.  Thus,  according  to  Tolomci  (*'-^)  and  Mar-  ■ 
tinand  C^")  the  oxidation  of  the  coloring  matter  of  the  grape  and  the  I 
production  of  those  aromatic  substances  which  confer  upon  old  wine  ! 
its  delightful  aroma  and  taste  is  due  to  the  action  of  oxichises  which  i 
are  present  in  the  grape  and  in  the  yeast.  Aso  C^)  has  shown  that  i 
oxidases  are  concerned  in  the  curing  of  tea.  They  probably  also  play  j 
a  part  in  the  curing  of  tobacco,  and  in  the  change  of  color  of  any  vege- 
table tissue  from  green  to  browTi,  which  results  finally  in  the  proihu-  i 
tion  of  humus  substances.  According  to  Griiss  C"'),  the  oxidases  play  ; 
an  important  role  in  the  formation  of  starch  grains.  Halm  (-"^)  found  ! 
an  oxidase  in  Arum  maculatum  which  had  the  power  of  oxidizing  j 
grape  sugar  and  which  apparently  assists  in  intramolecular  respiration,  ; 
and  Raciborski  C"^)  is  of  the  opinion  that  the  vegetable  oxidases  play 
the  same  role  in  the  vasculiferous  plants  as  that  played  by  hemoglobin  i 
in  the  higher  animals  and  hemocyanin  in  the  lower  animals,  viz,  that  j 
of  the  oxygen-laden  vehicle  of  respiration.  Woods  0«^)  has  shown 
that  oxidases  are  responsible  for  the  etiolation  of  green  leaves. 

Palladin  i^^^'')  and  also  Miss  Wheldale  0^"")  are  of  the  opinion  that  \ 

anthocvanin,  the  red  pigment  of  certain  flowers,  results  from  the  i 

action  of  an  oxidase  on  some  colorless,  chromogenic  substance  con-  | 
tained  in  the  flow  er. 

The  oxidases  are  by  no  means  confined  to  the  ]>lanl.  hut  are  found  j 
in  many  animal  tissues,  where  they  are  assumed  to  jilay  an  equally 

important  role  in  oxygen  metabolism.    Thus,  Dubois  C^')  attributes  the  i 

phosj)h()rescencc  of  phosphorescent  animals  and  plants  to  the  action  i 
of  an  oxidase  to  which  he  has  given  the  poetic  name  of  "Lu(iferas(\" 

and  this  same  observer ('•"')  has  traced  the  formation  of  a  i)nriilc  dvc  ! 

by  the  mollusc  Murex  hrandaris,  to  the  action  of  an  oxidase  \\hi<h  he  | 

calls  "Purpurase."     Carnot  ('")  found  that  the  saliva  and  other  secre-  i 

tions  contain  certain    oxidases.     Portier  C""')  has    pointed  out  that  I 

oxidases  are  concentratcMl  in  the  epidermal  and  exposed  structures  of  | 


Steudel(*");  Zur  chemischen  Erkenntnia  biologischer  Oxydationsreaktionen,  1  >  i 
Enplor  and  Hrrzog  ('«');  Contribution  a  I'Etudo  doa  Application.'^Thorapentiques  dea 
Oxydases  ot  des  Motaux  I<>rnients,  by  Piorro  Sc'^o (""*);  Dio  HodcuMiiit,'  d.-r  Katalyse  | 
fiir  (lio  Modirin,  by  H.  Schado  (""');  Los  Oxidations  do  TOrpanismo,  by  Enriciuoz  and  | 
Sicard  ("■");  Tobor  dio  Oxydationsfennonlo  dor  I,ol)or,  by  .laooliy  (-'•');  Dio  Oxydixson,  I 
by  Neumann  Wonder  (*<");  The  Proportiosand  ("la.-*sirication  of  the  Oxidi/injj  Enzymes,  | 
and  Analogies  between  Enzymic  Activity  and  the  Efforts  of  Immune  Bodies  and  | 
Complements,  by  Moore  and  \\Tiitley  (•^'^);  Lea  Ferments  Oxydants,  by  Chodat  ('         I 
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the  organism.  He  is  of  the  opinion,  therefore,  that  their  physiological 
role  both  in  animals  and  plants  is  one  of  defense  against  invasion  by 
micro-organisms.  In  this  connection  SieberO"^)  has  shown  that  the 
oxidases  have  the  power  of  destroying  toxins.  According  to  her 
observations,  the  fibrin  of  the  blood  of  a  normal  horse  gives  no  oxidase 
reactions,  whereas  the  fibrin  obtained  from  the  blood  of  a  horse  im- 
munized against  diphtheria  gives  a  blue  coloration  mth  guaiacum, 
indicating  the  formation  of  oxidases  in  the  blood  as  the  result  of 
immunization.  As  we  shall  see,  one  of  the  oxidases,  tyrosinase,  is  the 
active  agent  in  the  production  of  melanins,  and  hence  of  profound  sig- 
nificance in  its  relation  to  certain  pathological  conditions  of  melano- 
genesis  in  man.  In  this  connection  Hougonenq  and  Paviot  ("")  claim 
to  have  found  that  certain  malignant  tumors  give  the  guaiacum  reac- 
tion. Still  other  facts  of  interest,  pertaining  to  the  occurrence  of  the 
oxidases  or  to  their  mode  of  action,  are  set  forth  in  the  following  pages. 

THE  GUAIACUM  REACTION. 

Our  first  knowledge  of  the  oxidizing  ferments  is  closely  associated 
with  what  is  known  as  the  guaiacum  reaction,  viz,  the  production  of  a 
blue  coloring  matter  when  gum  guaiacum  or  its  tincture  is  treated 
with  certain  oxidizing  agents.  According  to  Binz  («*)  our  knowledge 
of  guaiacum  dates  back  to  the  sixteenth  century  when  in  1508  it  was 
first  imported  into  Spain  from  Santo  Domingo  as  a  remedy  for  syphilis 
by  Consolvus  Ferrand,  himself  a  syphilitic,  soon  after  which  it 
became  known  all  over  Europe  as  an  antisyphilitic.  (See  Mono- 
graph of  Ulrich  von  Hutten,  De  Guajaci  Medicina  et  Morto  Galhco; 
Liebermann,  Mainz,  1519,  p.  74). 

That  guaiacum  resin  becomes  bluish-green  in  color  on  standing  in 
the  air  and  light  and  the  liquid  around  the  stoppers  of  bottles  con- 
taining tincture  of  guaiacum  generally  acquires  a  bluish-green  color 
are  matters  of  everyday  experience  to  those  who  have  ever  had  occa- 
sion to  use  these  substances.  In  1804  Wollaston  (*")  was  the  first  to 
show  that  this  color  change  on  the  part  of  guaiacum  is  brought  about 
by  the  air  under  the  influence  of  light.  According  to  this  author, 
rays  of  light  a\  hich  cause  the  emission  of  oxygen  by  silver  cliloride 
cause  its  absorption  by  gum  guaiacum.  A  few  years  later  William 
BrandeC*)  showed  that  guaiacum  becomes  blue  in  pure  oxygen  gas 
more  rapidly  than  in  air. 

Shortly  afterwards  a  number  of  interesting  observations  on  the 
bluing  of  guaiacum  were  made  by  the  French  pharmacists.  Thus  it 
was  pointed  out  by  Boullay(")  that  a  mixture  of  simple  sirup,  dis- 
tilled water,  gum  arable,  and  tincture  of  guaiacum  takes  on  the 
color  of  a  suspension  of  verdigris,  and  further  that  certain  dentifrices 
containing  guaiacum,  when  taken  into  the  mouth,  become  intensely 
blue  or  green.  This  change  of  color  had  been  attributetl  to  impuri- 
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ties  in  the  mouth  cavity;  he  proved,  however,  that  gehitin  and  albu- 
min produced  similar  changes  of  color  with  alcoholic  guaiacum. 
He  therefore  reached  the  conclusion  that  this  change  of  color  is  with- 
out doubt  due  to  the  albumin  of  the  saliva,  since  no  change  of  color 
is  observed  if  the  mouth  be  deprived  of  saliva  by  previous  wasliing 
with  water.  Similarly,  according  to  Marc  i'^-'),  it  was  i)ointed  out  by 
Goettling  that  a  mixture  of  guaiacum  resin,  gum  arabic,  sugar,  and 
water  of  peppermint  becomes  sensibly  blue ;  that  certain  acids  impart 
a  bluish  tint  to  guaiacum  resin,  and  that  this  same  change  is  brought 
about  by  sweet  spirits  of  niter. 

In  1810  Planche  (^^")  in  a  note  on  the  sophistication  of  Jalaj)  Resin 
and  a  means  of  recognizing  the  same,  calls  attention  to  the  fact  that 
guaiacum  resin  takes  on  an  intense  blue  color  when  exposeil  for  a  few 
minutes  to  the  vapors  of  nitric  acid,  and  furtlier  that  the  fresh  root  of 
the  horse-radish  also  has  the  power  of  turning  the  tincture  of  guaiacum 
resin  blue.  In  order  to  show  this,  he  says,  it  is  only  necessary  to 
plunge  a  little  piece  of  the  fresh  root  into  a  glass  containing  the  tim- 
tureof  guaiacum,  when  little  by  little  the  liquiil  acquires  the  color  of 
indigo  in  sulfuric  acid.  In  1819  Taddey  (sometimes  spelled  Tadtlei) 
(■""),  having  had  occasion  to  knead  together  several  species  of  gum 
resins  and  resins  proper  with  different  sorts  of  flour,  observed  that 
the  mixture  of  v\heat  flour  and  guaiacum  becomes  blue,  especially 
after  water  has  l)een  added  to  the  mixture  exposed  to  the  air.  At 
his  suggestion  Rudolphi  ("'')  followed  up  the  investigation  of  this 
subject.  He  found  that  a  mixture  of  guaiacum  resin  .  ith  i)ure  starch 
does  not  develop  a  blue  color  when  moistened  and  cxjiosed  to  the  air, 
nor  is  this  blue  color  developed  by  other  vegetable  materials  whicli 
do  not  contain  zimomc,  the  name  proposed  by  Taddei  for  the  constitu- 
ent of  gluten  insoluble  in  alcohol.  He  also  observed  that  guaiacum 
is  not  colored,  or  at  least  only  slowly,  by  Hours  poor  in  glut(>n  and 
that  it  is  not  colored  by  those  flours  in  which  the  glut(>n  has  suil'ered 
any  great  alteration.  He  observed  furtlier  that  when  gluten  or 
pure  zimomc  is  mixed  with  guaiacum  it  tlevelops  a  suj)erl)  blue  color 
instantly,  but  that  such  a  mixture  only  develoj)s  this  color  in  atmos- 
pheric air.  Kudoljihi  therefore  proposed  to  make  use  of  guaiacum 
as  a  reagent  for  judging  of  the  |un"ity  and  quality  of  dilferent  kinds  of 
wheat  Hour,  and  conversely,  he  reconnnended  wheat  (lour  as  a  reagent 
for  testing  the  purity  of  guaiacum  resin. 

In  1820  Planche  (^")  undertook  to  determin(>  the  nature*  of  the 
substance  v>  liicli  j)roduces  the  blue  coloration  with  guaiacum.  1I(> 
conceived  tlie  idea  that  air  and  light  had  nothing  to  do  uith  llu> 
bluing  of  guaiacum  for  the  reason  that  if  this  change  of  color  is  due 
solely  to  th(>  action  of  air  and  light,  why  is  it.  he  asks,  that  when 
guaiacum  resin  is  mixed  with  certiiin  substiUices  it  is  coloi-ed  blue  or 
ffreen,  whereas  when  mixed  with  other  substances  its  natural  color  is 
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not  altered?     In  attempting  to  answer  this  question  he  was  led  to 
test  the  conduct  of  a  large  number  of  substances  toward  guaiacum, 
among  them  a  large  number  of  roots,  fresh  and  dried,  several  gums, 
milk,  soap,  etc.     Among  the  fresh  roots  tested  the  following  were 
found   by   this   observer   to   blue  guaiacum:  Comfrey    {Symphytum 
consolida,  L.),  dandelion  (Leontodon  taraxacum),  common  iris   {Iris 
germanica),  chicory  {Cichorium  intylus) ,  thistle  {Eryngium  camjiestre) , 
wdiite  water  lily   {Nymphyaea  alba),   potato    {Solanum  tuberosum), 
bryony  {Bryonia  dioica),  elecampane  {Inula  helenium),  marshmallow 
{Althea    officinalis),    carrot    {Daucus    carota),    licorice    {GlycyrrUza 
glabra),  turnip  {Napis  sativa),  burdock  {Arctium  lappa),  colcliicum 
{Colchicum    autumnale),    soap  wort    {Saponaria    officinalis),    scurvy 
grass  {CocMearia  officinalis),  fumitory  {Fumaria  officinalis),  figwort 
{Scrophularia    officinalis),    sorrel     {Rumex    acetosa),    viper's    grass 
{Scorzonera    hispanica),    asparagus    {Asparagus    officinalis),    borage 
{Borago  officinalis),  angelica  {Angelica  archangelica) ,  onion  {Allium 
caepa),  wM  radish  {CocMearia  armoracia,  L.),  little  radish  {Raphanus 
sativus).     The  fresh  root  of  the  chicory,  especially  in  the  fall  of  the 
year,  w-as  found  to  give  with  guaiacum  a  magnificent  blue  color.     So 
also  the  fresh  root  of  the  water  lily  produced  a  very  intense  colora- 
tion at  first,  which  faded  rapidly  on  standing.     For  the  most  part 
the  dried  roots  gave  no  color  with  guaiacum.     Neither  did  the  fresh 
roots  of  the  following  plants:  Patience   {Rumex  acutus,  L.),  male 
fern   {Poly podium  filix  mas),  strawberry  {Fragaria  vesca).     Further- 
more he  found  that  light  w^as  wdthout  influence  on  the  development 
of  the  blue  color  of  guaiacum  by  roots  capable  of  effecting  this  change. 
Thus  the  parsnip  caused  the  bluing  of  guaiacum  in  the  dark.     Simi- 
larly when  guaiacum   and  white  soap  were  mixed  together  there 
resulted  a  greenish  mass  wMch  finally  took  on  the  color  of  verdigris, 
and  the  interior  of  the  mass  acquired  a  deep  blue  color.     Obviously 
the  light  could  not  have  been  responsible  for  this  increase  of  the  color 
in  the  interior  portions  of  the  mixture.     He  also  observed  that  milk 
has  the  power  of  bluing  guaiacum,  and  that  this  change  of  color  takes 
place  in  a  vacuum.     He  concludes,  therefore,  that  in  the  bluing  of 
guaiacum  by  milk,  air  is  not  responsible  for  the  change  of  color.     On 
boiUng,  however,  milk  lost  its  power  to  blue  guaiacum,  and  in  general, 
those  substances,  gums  and  plant  roots,  which  have  the  power  of 
bluing  guaiacum,  lose  this  power  by  heat.     Thus  the  potato,  parsnip, 
and  beechnut  {Fagus  castanea),  cooked  in  closed  vessels  in  their  own 
juices,  do  not  react  with  either  the  powdered  resin  or  the  tincture. 
He  therefore  concluded  that  the  substance  or  substances  causing  the 
bluing  of  guaiacum  are  volatile  and  possibly  condensable.     He  was 
therefore  led  to  test  the  conduct  of  the  distillate  obtained  from  milk 
toward    guaiacum,   wdth    the    result,   however,    that  no   change   of 
color  \  as  i)roduced.     He  therefore  had  to  renounce  the  idea  that  the 
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principle  responsible  for  the  bluing  of  guaiacum  is  volatile.  He  was 
led  to  believe,  therefore,  that  this  particular  species  of  cyanogen 
(cyanogene),  which  is  responsible  for  the  bluing  of  guaiacum,  whatever 
its  nature,  is  absorbed  by  certain  substances  wliich  in  its  ortUnary 
state  permit  of  this  action,  but  that  when  exposed  to  certain  tempera- 
tures it  enters  into  new  combinations  and  obe^-s  other  laws  which 
do  not  permit  of  its  c()U)ring  guaiacum. 

To  anyone  at  all  familiar  with  the  oxidizing  ferments  it  is  evident 
how  close  Planche  came  to  the  discovery  of  this  remarkable  group  of 
substances.  As  a  matter  of  fact  he  seems  to  have  been  the  first  to 
encounter  them,  and  a\  hen  he  i)roved  that  heat  destroys  the  i)ower 
of  milk  and  certain  plant  juices  to  blue  guaiacum,  he  discovered  one 
of  their  most  remarkable  characteristics,  and  had  the  state  of  knowl- 
ed<'-e  regarding  oxidation  and  fermentation  been  at  this  time  what  it 
was  in  the  time  of  Schoenbein  and  Traube,  there  is  scarcely  room  for 
doubt  that  he,  and  perhaps  Taddei  also,  would  have  recognized  the 
true  nature  of  these  substances  and  the  part  which  they  \)\ay  in 
oxidation  processes. 

From  the  time  of  Planche  to  that  of  Schoenbein  and  Traube  there 
appears  to  have  been  but  little  advance  in  our  knowledge  of  the 
guaiacum  reaction,  except  the  discovery  of  various  substances, 
organic  and  inorganic,  which  effect  this  change  of  color  to  a  grea tri- 
or less  extent.  Thus  Keginibau,  (^^o- 3")  in  letters  to  Plancli(  , 
described  the  bluing  of  pills  containing  guaiacum  resin,  mercuric 
chloride,  and  white  soap,  and  advanced  the  view  that  this  bluing  av;)-^ 
due  to  the  liberation  of  chlorin'e  from  the  mercuric  chloride,  a  \  icw 
which  Planche  pointed  out  as  erroneous;  and  Lodibert("^)  rei)orted 
results  with  dentifrices  similar  to  those  observed  by  Boullay  ("V 
Pclletier  and  Deville  C*^)  also  published  a  paper  on  guaiacum  in  ISl  1, 
in  which,  however,  there  is  nothing  of  any  particular  Intercast. 

The  further  elucidation  of  the  guaiacum  reaction  and  the  liii;il 
discovery  of  the  oxidizing  ferments  awaited  the  discovery  of  ozone 
and  the  renewed  interest  in  the  general  subject  of  fermentation 
awakened  by  the  writings  of  Pasteur  and  Liebig.  In  this  connection 
it  will  be  recalled  that  ozone  was  first  recognized  as  m  dermite  sub- 
stance by  Schoenbein  C""'  ^'"').  In  1S45  Schoenl)ein  ("")  showed 
that  guaiacuni  is  colored  blue  by  ozone.  The  interest  attaching  to 
Schoenbein's  earlier  observations  on  the  bluing  of  guaineum  by 
ozone  is  such  in  this  connection  that  1  shall  ])resent  the  subject  in 
practically  the  author's  own  words.  In  his  "  Note  on  guaiacum  resin 
he  goes  on  to  say  that  — 

It  has  loiiK  hecMi  known  that  jinaiaeum  resin  under  certain  conditions  heconiea 
l)lue  and  that  chlorine  has  the  power  of  producing  this  chanjjc  of  color.  I  have  found 
that  bromine  and  iodine  produce  the  same  change.  In  consequence  of  the  cioso 
siuiilarilv  whicli  chlorine,  l)r(iniine,  and  iodine  exhibit  to  ozone,  one  would  naturally 
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expect  that  the  latter  substance  would  blue  guaiacum  resin,  and  my  experiments 
have  shown  that  such  is  really  the  case.  If  one  brings  a  strip  of  filter  paper  which 
has  been  saturated  with  guaiacum  tincture  into  strongly  ozonized  air,  prepared  by 
means  of  phosphorus,  the  paper  at  once  takes  on  a  blue  color.  As  a  matter  of  fact, 
guaiacum  resin  is  as  sensitive  a  reagent  for  ozone  as  the  potassium  iodide  and  starch 
mixture.  If  one  allows  the  strips  to  remain  for  a  somewhat  longer  time  in  the  ozonized 
atmosphere,  the  color  changes  from  blue  to  yellowish  brown,  as  is  the  case  with  chlo- 
rine. Ozone  therefore  conducts  itself  towards  guaiacum  resin  in  precisely  the  same 
way  as  chlorine.  It  is  scarcely  necessary  to  point  out  that  ozone  produced  by  the 
other  two  methods,  namely,  by  the  electrolysis  of  water  and  by  the  action  of  the  electric 
discharge  on  air  or  moist  oxygen,  acts  in  the  same  way  toward  guaiacum.  Since  the 
bluing  of  guaiacum  undoubtedly  depends  on  the  action  of  oxygen,  and  since  free 
oxygen  does  not  act  on  the  resinous  mass,  this  element  must  first  be  gotten  into  a  state 
of  chemical  acti\aty  in  order  to  oxidize  the  guaiacum.  This  condition  seems  to  be 
called  forth  even  by  sunlight.  It  is  not  known,  however,  whether  dry  oxygen  can  act 
on  the  water-free  resin  in  the  sunlight.  It  may  well  be  that  in  the  absence  of  water 
the  guaiacum  resin  can,  as  is  the  case  with  other  organic  substances,  take  up  oxygen 
at  ordinary  temperatures  to  a  slight  extent.  Be  this  as  it  may,  it  is  nevertheless  a 
fact  that  the  oxygen  which  is  in  association  with  certain  other  substances  has  such 
chemical  activity  that  it  can  act  upon  guaiacum,  or  upon  a  substance  with  which  it  is 
in  combination,  at  ordinary  temperatures.  If  one  believes,  as  indicated  by  the  older 
theories,  that  chlorine,  bromine,  and  iodine  are  the  peroxides  of  murium,  bromium, 
and  iodium,  one  must  believe  that  there  exists  in  these  compounds  an  equivalent  of 
oxygen  which  is  in  this  chemically  active  state,  and  that  it  is  this  oxygen  which  calls 
forth  the  above-described  color  change  in  guaiacum  resin.  If,  as  we  hold,  ozone  is  to 
be  looked  upon  as  a  compound  of  oxygen  with  water,  it  is  the  chemically  excited 
oxygen  of  this  compound  which  blues  the  guaiacum.  As  I  have  elsewhere  pointed 
out,  compounds  of  certain  of  the  metals  act  upon  guaiacum  in  the  same  way  as  do 
chlorine  and  ozone.  For  example,  if  one  mixes  pure  lead  or  manganese  peroxide  in 
water  with  a  solution  of  guaiacum,  the  latter  is  instantly  colored  blue  just  as  if  brought 
into  chlorine  water.  It  is  remarkable,  and  so  far  as  I  know  a  new  fact,  that  guaiacum 
which  has  been  blued  in  this  way  loses  its  color  again  if  it  is  introduced  into  an  atmos- 
phere containing  hydrogen  sulfide  or  sulfur  dioxide,  or  when  added  to  a  solution  of 
stannous  chloride;  under  these  conditions  the  oxygen  in  combination  with  the 
guaiacum  appears  to  be  again  removed.  Finally,  I  have  observed  that  all  those  sub- 
stances which  color  a  potassium  iodide  solution  yellow  to  brownish  red,  or  blue  the 
potassium  iodide  and  starch  mixture — that  is,  all  substances  which  have  the  power 
to  cause  the  separation  of  iodine;  for  example,  chlorine,  bromine,  ozone,  nitrous 
acid,  and  the  peroxides  of  manganese,  lead,  and  gold — have  also  the  power  to  blue 
the  tincture  of  guaiacum.  Conversely,  those  substances  which  have  the  power  to 
remove  the  yellow  color  from  potassium  iodide  solutions  and  the  blue  color  from 
the  i)ota.'^sium  iodide  and  starch  mixture — for  example,  hydrogen  sulfide,  sulfur  di- 
oxide, and  stannous  chloride — have  also  the  power  to  destroy  the  blue  color  of  guaia- 
cum resin. 

In  a  further  note  on  guaiacum  resin  Schoenbein  ("0  shows  that 
guaiacum  is  also  blued  by  tlie  products  of  the  slow  combustion  of 
ether,  for  the  reason  that  an  ozonid  is  produced.  Schoenbein  (^") 
next  makes  use  of  the  bluing  of  guaiacum  as  a  reaction  for  indicating 
the  presence  of  an  electric  current,  he  ("^)  having  observed  that  strips 
of  paper  saturated  witli  tincture  of  guaiacum  are  colored  blue  when 
exposed  to  the  oxygen  liberated  from  water  bv  electrolvsis  and  to  the 
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ozone  produced  by  the  electric  discharge  in  air  or  oxygen.  In  1847 
Schoenbein  (:"*)  seems  to  have  pubhshed  a  resume  of  liis  work  on  the 
bluing  of  guaiacum  up  to  that  time,  mentioning  the  reduction  of  the 
blue  compound  by  hydrogen  sulfide  and  other  reducing  agents,  and 
the  general  similarit}'  between  guaiacum-blue  and  the  blue  iodide  of 
starch.  In  other  still  later  communications  on  guaiacum  resin  (3'5-37«)^ 
he  calls  attention  to  the  considerable  number  of  substances  which  have 
the  power  to  blue  guaiacum,  among  which  ma}*  be  mentioned  chlo- 
rine, bromine,  iodine,  ozone,  certain  peroxides  such  as  those  of  man- 
ganese and  lead,  silver  oxide,  and  acetate,  cupric  chloride,  ferric  chloride, 
mercuric  chloride,  potassium  ferricyanide,  the  bichromates  and  per- 
manganates, and  even  finely  divided  platinum.  He  also  points  out 
that  guaiacum  which  had  been  blued  by  any  one  of  these  substances 
gradual!}"  loses  its  blue  color  on  standing,  but  that  this  may  be  restored 
by  adding  fresh  quantities  of  the  reagent.  This  may  be  repeated  a 
certain  number  of  times,  but  finally  a  colorless  or  brownisli  prc^liK  I 
of  the  resin  is  obtained  which  is  no  longer  capable  of  being  l)lued  b\ 
ozone  or  similar  substances. 

He  calls  attention  to  the  fact  that  the  blue  color  of  guaiacum  is 
destroyed  by  phosphorus,  the  metals,  hydrogen  sidfide  and  seleiiidc 
sulfurous  acid  and  hyposulfites,  ferrous  and  stannous  salts,  and  l)y 
acids  and  alkalis.  He  also  points  out  that  the  majority  of  those  sub- 
stances capable  of  ])luing  guaiacum  contain  their  i)xygen  in  the  pecu- 
liarly active  condition  in  which  this  element  is  met  \\h\\  in  ozone.  In 
other  words,  these  substances  contain  o.vylisirti  n  or  nngti  n  oxygen,  or 
can  give  rise  to  the  same.  He  points  out  a  number  of  analogies  l)et  ween 
guaiacum  blue  and  the  iodide  of  starch,  as  to  color,  gen(>ral  methods  <il' 
formation  by  the  action  of  oxidizing  agents,  conduct  towards  reiluciug 
agents,  etc.,  and  he  reached  the  conclusion  that  the  blue  material 
resulting  from  the  action  of  ozone  on  guaiacum  is  a  compound  of  ttrdi- 
nary  guaiacum  with  a  hydrogen  peroxide  (ozone),  of  nuich  the  sanu^ 
nature  as  the  loose  chemical  coinbination  met  with  in  the  iodide  ol 
starch.     He  goes  on  to  sa}'  further  that — 

I  need  scarcely  remark  that  for  those  who  with  Do  la  Rive  and  Horzeliu.i  look  upin 
ozone  as  nothing  hut  modified  oxygen,  it  is  only  necessary  to  assume  that  guaiacnm 
blue  consists  of  a  loose  combination  of  ordinary  guaiacum  and  this  uncommon  oxygen. 
In  other  words,  that  it  possesses  the  nature  of  an  organic  pentxide  which  conUiins  at 
least  a  part  of  its  oxygen  in  the  chemically  excited  or  active  condition  in  which  it  is 
met  with  in  hydrogen  i)eroxide,  ozone,  and  manganese  dioxide. 

Finally,  he  (>xplained  the  sj^ontaneous  (hn'olorization  ol'  guaiacum 
blue  and  its  idtiniatr  conversion  into  a  suhslniicc  no  longer  capahie  of 
yielding  the  blue  eoni|)oun(i  by  treatment  with  ozoni^  or  oth(>r  oxidiz- 
ing agents,  upon  the  su|)i)osition  that  the  ehemicuUy  active  oxygen 
in  loose  combinal  ion  in  l  he  blue  resin  can  (^xist  for  oidy  a  short  lime 
as  such  in  this  comixiund  and  thai   this  form  of  o\\i:en  at   ordinary 
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temperatures,  or  even  at  0°C.,  acts  slowly  on  the  oxidizable  constitu- 
ents of  the  resin,  probably  extracting  hydrogen  and  possibh'  carbon, 
and  thereby  altering  the  original  composition  of  the  guaiacum. 

Schoenbein  C")  next  turned  his  attention  to  the  bluing  of  guaiacum 
by  those  substances  contained  in  the  fresh  tissues  of  plants,  and  in 
1848  he  gave  to  the  chemical  world  the  results  of  his  first  researches 
in  this  highly  fruitful  field  of  investigation  in  a  communication  enti- 
tled ''On  certain  chemical  reactions  of  the  potato."  In  this  paper  he 
refers  to  the  observations  of  Planche'^  and  Taddei  on  the  bluing  of 
guaiacum  by  many  roots  and  tubers,  and  to  the  fact  that  the  latter 
appeared  to  consider  air  as  necessary  for  the  reaction.  His  own 
experiments  indicate  that  there  is  unevenh^  distributed  throughout 
the  potato  some  substance  having  the  powder  of  bluing  guaiacum,  the 
most  rapid  bluing  being  produced  by  the  under  side  of  the  potato  peel 
and  at  the  points  where  the  '"eyes"  or  sprouts  occur.  According  to 
Schoenbein,  the  starch  and  expressed  juice  of  the  potato,  however, 
do  not  possess  this  power  to  the  slightest  degree,  and,  upon  boiling,  all 
parts  of  the  potato  entireh'  lose  their  power  to  \}\ue  guaiacum.  On  the 
other  hand,  the  freshly  cut  peel  of  the  potato  blues  guaiacum  as  quickly 
as  does  manganese  dioxide  or  lead  peroxide,  and  the  blue  solution 
shows  all  of  the  properties  of  that  obtained  by  the  latter  method, 
fading  slowl}"  in  the  air  at  ordinary  temperature,  and  rapidh'  upon 
boiling  being  decolorized  by  hydrogen  sulfide  and  other  reducing 
agents  and  precipitating  a  blue  resin  when  added  to  water.  He  ob- 
served also  that  the  potato,  like  the  other  substances  having  the  power 
to  blue  the  guaiacum  resin  and  tincture  has  the  power  of  decomposing 
potassium  iodide  with  the  liberation  of  iodine,  the  latter  reacting  with 
the  starch  of  the  potato  to  form  the  blue  iodide  of  starch.  For  these 
reactions  Schoenbein  offers  two  alternate  explanations;  either  that 
the  potato  contains  a  substance  analogous  to  the  peroxides,  ozone, 
etc.,  or  that  it  contains  a  substance  having  the  power  of  activating  the 
oxygen  of  the  air,  and  thus  rendering  it  capable  of  producing  these 
phenomena. 

On  the  other  hand,  Nasse  and  FrammC^")  (see  also  Nasse(^"'')) 
claim  that  fresh  extracts  that  have  been  completel}^  freed  of  oxygen 
by  the  prolonged  action  of  hydrogen  or  carbon  dioxide  still  give  a  blue 

« In  all  of  Schoenbein's  original  communications  on  this  subject,  this  author 
(Planche)  is  referred  to  under  the  name  of  '"Blanche."  Thus  a  good  deal  of  confusion 
has  been  introduced  into  this  literature,  and  this  is  met  with  repeatedly,  even  in  recent 
writings  on  the  subject.  Thus  this  error  is  repeated  by  Nasse  and  Framm  in  an  article 
entitled  "Bemerkungen  zur  Glykolyse"  (Pfliiger's  Archiv.,  1896,  vol.  63,  p.  207), 
in  which  the  mechanism  of  the  guaiacum  reaction  is  discussed;  and  very  recently 
again  by  Engler  and  Ilerzog,  in  ''Zur  Erkenntnis  der  biologischer  Oxydationsreak- 
tionen"  (Hoppe-Seyler's  Zeitschrift  fiir  physiologische  Chemie,  1909,  vol.  59,  p.  357). 
For  the  l)enefit  of  those  who  may  be  interested  in  the  historical  development  of  this 
subject,  the  writer  is  ghul  U>  Uv  able  to  correct  this  error. 
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color  with  guaiacum.     Hence,  according  to  these  authors,  the  bhiing  j 

of  guaiacum  by  plant  extracts  and  ferments,  such  as  diastase  and  i 

emulsin,  is  due  not  to  an  oxidation  of  the  guaiacum  hj  the  oxygen  of  I 

the  air,  but  to  a  hydrolysis  (hydroxylirung)  of  the  guaiacum  by  the  i 

plant  extract  or  ferment.     BertrandC^),  however,  is  of  the  opinion  i 

that  the  bluing  of  the  guaiacum  is  due  to  the  combined  action  of  I 

oxygen  and  laccase,  and  Kastle  and  Loevenhart  (-^^)  were  unable  to  i 

obtain  any  evidence  of  the  bluing  of  guaiacum  by  the  freshly  abraded  I 

surface  of  the  raw  potato  in  an  atmosphere  of  hydrogen,  carbon  diox-  > 

ide,  or  nitrogen.     On  the  other  hand,  in  air  or  oxj^gen,  the  freshly  ' 

abraded  surface  of  the  potato  was  always  found  by  these  observers  i 

to  develop  a  blue  color  instantly  on  the  appHcation  of  tincture  of  I 

guaiacum.  , 

OXYGEN-EXCITERS    AND    OXYGEN-CARRIERS  i  "  SAUERSTOFFERREGERN "      1 
AND   "SAUERSTOFFTRAGERN,"  Srhocnbeiu}.  \ 

In  1855  Schoenbein  ("«)  made  a  study  of  tlie  si)ontaneous  bluing 
of  certain  fungi.  The  results  of  these  interesting  observations  were 
given  to  the  world  in  a  communication  entitled  ''Teber  die  sel])st 
Blauung  einiger  Pilze  und  das  Vorkommen  von  Sauerstoflerregern 
und  Sauerstofftragern  in  der  Pflanzenwelt,"  and  also  in  a  letter  to 
Fara(hiy  on  "Ozone  and  ozonic  actions  in  mushrooms."  Tlie  titles 
of  these  two  communications  give  a  good  idea  of  their  contents.  In 
brief  his  results  were  as  follows:  It  had  long  been  recognized  that 
certain  varieties  of  the  higher  fungi,  notably  the  Boletus  luridus,  have 
the  remarkable  property  of  rapidly  turning  blue  when  the  head  or 
stem  is  broken  or  bruised  in  any  way.  Schoenbein  ii(n\-  conceived 
the  idea  that  in  such  color  changes  we  have  to  tlo  with  phenomena 
similar  to  the  bluing  of  guaiacum  by  the  fresh  tissue  of  the  ])<)tat(. 
and  other  fresh  roots.  As  a  matter  of  fact  he  found  this  species  of 
boletus  to  contain  a  colorless  principle  easily  sohible  in  alcoliol,  and 
exhibiting  the  closest  analogy  to  guaiacum.  in  tliat  all  oxidizing 
agents  whicli  blue  a  tincture  of  the  hitter  also  bhie  an  alcohohc  .solu- 
tion of  the  chiomogenic  substance  of  the  mushroom,  and,  further,  that 
all  (l(M)xi(lizing  agents  which  discharge  the  color  of  guaiacum  blue 
also  discharge  the  cohxr  of  the  blued  fungus  extract.  From  these 
observations  he  was  led  to  conclude  that  the  chromogenic  ])iincij)le 
of  the  fungus,  like  guaiacum,  is  capable  of  combining  with  ozonized 
oxygen,  O,  wluMvas  it  is  not  affected  by  ordinary  oxygen  (O). 

The  fact  that  the  alcoholic  solution  of  this  coloring  ])rincij)le  of  the 
Boletus  is  not  spontaneously  colored  by  atmosjjheric  air,  but  is  col- 
ored by  air  in  the  ])aicnchyma  of  the  fungus,  led  him  to  suspect  that 
there  exists  in  the  fungus  another  substance  endowed  with  the  ])rop- 
eity  of  exalt  ing  the  chemical  power  of  ordinary  oxygen,  t  hereby  caus- 
uig  this  element    in     i(s  active  form,  O.  to  associate  itself  with  the 


41 

coloring  matter  of  the  fungus.  As  a  matter  of  fact,  he  found  in  the 
expressed  sap  of  this  and  other  fungi,  notably  in  Agaricus  sanguineus, 
an  organic  matter  which  has  this  remarkable  power  of  transform- 
ing ordinary  oxygen  (O),  into  ozonized  oxygen,  O,  and  of  forming 
with  the  latter  a  compound  analogous  to  lead  peroxide  (PbO  +  0), 
which  readily  gives  up  this  active  oxygen,  O,  to  a  number  of  easily 
oxidizable  substances,  both  organic  and  inorganic,  among  them 
guaiacum  and  the  chromogenic  substance  of  Boletus  luridus. 
He  observed,  further,  that  after  having  been  deprived  of  its  active 
oxygen,  this  peculiar  compound  may  be  charged  with  it  again  by 
simply  passing  a  current  of  air  through  its  solution.  He  then  goes 
on  to  say  that  this  peculiar  substance  may  well  be  compared  with 
nitric  oxide,  which  enjoys  to  a  remarkable  extent  the  power  of 
instantaneously  transforming  inactive  oxygen,  (O),  into  active  oxygen, 
O,  thereby  forming  a  peroxide  containing  O,  and  from  which  this  pe- 
culiar form  of  oxygen  may  easily  be  transferred  to  a  multitude  of  ox- 
idizable substances.  In  other  words,  in  addition  to  the  chromogenic 
substance  which  it  contains  and  through  whose  oxidation  it  ultimately 
becomes  blue,  the  Boletus  luridus  and  other  fungi,  notably  the  Aga- 
ricus sanguineus,  contain  a  substance  capable  of  ozonizing  the  oxy- 
gen of  atmospheric  air;  in  other  words,  they  contain  a  Sauerstoff- 
erreger,  or  oxygen-exciter.  This  substance  enters  into  a  loose  com- 
bination with  the  ozone  thus  produced,  forming  therewith  a  compound 
analogous  to  a  peroxide  containing  active  oxygen,  which  in  turn 
is  capable  of  giving  up  its  active  oxygen  to  guaiacum  or  to  the  chro- 
mogenic substance  contained  in  the  fungus  itself,  thus  turning  it 
blue.  In  other  words,  the  substance  responsible  for  the  bluing  of 
the  chromogenic  substance  contained  in  the  boletus  is  not  only  a 
Sauer  staff  err  eger  but  also  a  Sauerstoff'trdger,  or  a  tioie  carrier  of  oxygen. 
Schoenbein  was  also  impressed  with  the  instability  of  these  remark- 
able Sauerstofferregern  and  Sauersfofftrdgern  of  the  plant  world. 
Thus  he  points  out  that  on  heating  to  boiling  an  aqueous  solution  of 
the  fungus  which  has  the  power  of  deeply  bluing  a  tincture  of  guaia- 
cum, the  solution  not  only  loses  this  power,  but  was  also  found  to 
lose  the  })ower  of  ever  again  becoming  an  oxygen-exciter  or  carrier, 
no  matter  how  long  it  was  kept  in  contact  with  atmospheric  air. 
Finally  he  goes  on  to  say  that  these  substances  which  have  the  powder 
of  bringing  into  activity  the  inactive  oxygen  of  the  air  must  play  an 
important  role  in  the  oxidation  processes  of  vegetable  materials,  and 
that  it  is  not  an  unwarrantable  supposition  that  in  the  animal  world 
as  well  there  exist  substances  capable  of  ozonizing  atmospheric  oxy- 
gen at  ordinary  temperatures,  thereby  promoting  the  oxidation  of 
other  animal  substances,  and  in  a  later  article  (^''"'  ^*'')  on  the  conduct 
of  oil  of  bitter  almonds  to  oxygen,  in  which  he  proved  that  this  com- 
pound belongs  to  the  class  of  ozonizing  substances,  he  says  that  new 
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observations  have  made  it  in  a  high  degree  probable  that  there  exist 
in  the  blood  of  animals  substances  having  the  power  to  change  the 
respired  inactive  oxygen  in  a  similar  way  to  that  accomplished  by 
phosphorus  and  oil  of  bitter  almonds — that  is,  substances  which 
render  the  oxygen  active,  whereby  the  oxidation  phenomena  observed 
in  the  life  cycle  are  brought  about.  He  adds,  further,  that  without 
the  presence  of  such  substances  as  convert  (O)  into  O  the  animal  would 
be  suffocated  in  the  midst  of  an  ocean  of  the  i)urest,  but  inactive, 
oxygen  as  quickl}^  as  it  would  be  in  a  vacuum. 

Schoenbein's  remarkable  observations  in  this  field,  however,  did 
not  end  here.  From  his  extended  investigations  on  ozone  and  hydro- 
gen peroxide  he  had  reached  the  conclusions  that  oxygen  can  exist 
in  three  forms,  viz,  common  oxygen,  which  he  re])resented  by  O  or 
(O),  ozone,  Oor  (0),  and  antozone,  ©or  (@);  and  that  deriving  from 
these  three  modifications  of  oxygen,  respectively,  we  have  three 
classes  of  oxides,  viz,  (1)  ordinary  oxides,  such  as  water;  (2)  ozonide^;. 
which  included  most  if  not  all  of  the  peroxides  of  the  heavy  m(>tals. 
such  as  manganese  dioxide  and  lead  peroxide,  and  {'A)  antozonides, 
like  hydrogen  })eioxide  and  barium  dioxide 

O  0  © 

HO  (old  fornnda),  MnO  +  0,         H0  +  ©, 
CaO,  PbO  +  0,         BaO  +  ©. 

Of  these  several  forms  of  oxygen,  the  ozonic  modification  was  the 
most  active.  He  had  observed,  further,  that  just  as  the  common  oxy- 
gen is  transformed  into  ozone  through  the  influence  of  ozonizers,  such 
as  ])hosphorus,  ])latinum,  etc.,  so  the  oxygen  of  the  antozonides  ©  may 
be  transformed  into  the  ozonic  modification,  0,  by  the  action  of  certain 
substances  such  as  platinum  or  lead  salts,  etc.,  and  tliat  finally  as  a 
result  of  the  neutralization  of  their  electrically  opposite  potential- 
an  ozonitle  reacts  with  an  anlozonide  with  th(>  j)roducti()n  of  coninioii 
oxygen.  Thus  ozone  and  hychogen  jjcroxide  give  rise  fo  common 
oxygen  and  wntci.- 

Of  HO  4  ©     HO +  •_>(). 

He  found,  for  example,  that  uuaiacuni  l)lu(»  results  fi'oni  th(>  ;ielion  of 
finely  divided  platiiuini  on  lincture  of  guaiacuni  and  air  or  hvdiogen 
peroxide,  whereas  neither  of  these  substances  can  effect  this  alteration 
in  the  color  of  the  guaiacuni.  or  can  do  so  only  with  extreme  slowness, 
when  used  alone.  It  h.ad  l)een  |)re^•iously  ol)served  by  Theiiard  (hat 
hydrogen  peroxide  is  (|{>coni|)ose(l  by  finely  divided  platiniini  into 
water  and  coinnion  oxygen.  All  of  tliese  facts  found  a  sinipl(>  <>xi)la- 
nation  in  terms  of  Schoenbeiirs  theory.  According  to  this  theory, 
neither  common  oxygen  iictr  anto/.one  nor  an  antozonide  can  blue 
guaiacuni.  for  the  reason  that  the  resin  only  combines  with  the  ozonii- 
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form  of  oxygen,  0.  On  the  other  hand,  ozone  or  any  ozonide  can 
accompHsh  this  change  for  the  reason  that  any  of  these  substances 
can  supply  O,  and  platinum  can  accomplish  this  oxydation  by  common 
oxygen  or  hydrogen  peroxide  for  the  reason  that  it  can  transform 
common  oxygen  or  the  ©  of  an  antozonide  into  ozone,  0.  This  theory 
also  enabled  one  to  understand  the  catalytic  decomposition  of  hydro- 
gen peroxide  by  platinum  into  water  and  common  oxygen,  since  the 
ozone  resulting  from  the  action  of  the  platinum  on  the  antozonide 
would  react  with  another  portion  of  the  antozonide,  giving  rise  to 
water  and  common  oxygen  (^^^) : 

Pt  +  HO4-©  =  Pt+HO  +  0, 
and 

HO  +  0  +  HO+©  =  2HO  +  2O.« 

In  1857  Schoenbein  published  a  paper  on  ''Chemical  contact  ac- 
tions ' '  (:"'■') ,  in  which  he  discusses  the  action  of  various  oxygen-carriers 
and  oxidizing  agents  on  guaiacum,  and  states  that  blood  corpuscles 
separated  from  fibrin  and  serum  and  dissolved  in  water  give  the 
guaiacum  reaction  strongly  in  the  presence  of  hydrogen  peroxide,  as 
does  also  the  gluten  of  wheat,  but  that  both  are  inactive  in  the  ab- 
sence of  the  peroxide.  He  regards  this  oxygen-carrying  power  of 
blood  corpuscles  as  important  to  respiration.  In  this  article  he  also 
gives  the  results  of  experiments  with  platinum  and  guaiacum.  Three 
years  later  he  (^^0  called  attention  to  the  fact  that  iron  salts  act 
toward  a  mixture  of  guaiacum  and  hydrogen  peroxide  in  much  the 
same  way  as  do  blood  corpuscles  and  that  the  activity  of  the  blood 
corpuscles  toward  guaiacum  is  proportional  to  their  content  of 
hemoglobin,  and  that  it  therefore  seemed  not  improbable  that  the 
guaiacum  reaction  of  blood  is  dependent  on  the  iron  content  of  the 
pigments.  This,  he  says,  is  a  matter  of  importance  to  physiological 
chemists. 

In  view  of  his  previous  work  on  the  presence  of  oxygen  exciters 
and  oxygen  carriers  in  certain  of  the  higher  fungi  and  in  the  potato, 
it  was  only  natural  that  it  should  have  occurred  to  Schoenbein,  espe- 
cially in  the  light  of  the  earlier  observations  of  Planche,  that  sub- 
stances cai)able  of  bluing  a  mixture  of  hytlrogen  peroxide  and  guaia- 
cum and  of  decom])osing  hydrogen  peroxide  into  water  and  common 
oxygen  should  be  widely  distributed  in  the  plant  and  animal  kingdom. 
The  results  of  his  investigations  on  the  decomposition  of  h^'drogen 
peroxide  by  plant  and  animal  extracts  and  ferments  and  on  the  bluing 
of  guaiacum  by  hydrogen  peroxide  through  the  agency  of  organic 

"A  good  discussion  of  Schoenbein's  ozone  and  antozone  theory  is  to  be  found  in  his 
paper  on  the  "Conduct  of  blood  toward  oxygen"  (•"*■*),  a  translation  of  which  is  given 
in  the  Medical  Press  and  C'ircular,  June  20  and  July  4.  18(J0,  and  in  Day's  paper  C-'^) 
on  "  Polarized  or  allotnjpic  oxygen,"  in  the  Australian  Medical  Journal,  vol.  12,  1867, 
pp.  141-149. 
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materials  wore  first  presented  in  a  paj^er  entitled  ''I^eber  die  kataly- 
tische  Wirksamkeit  organische  Materien  und  deren  Verbreitiing  in  der 
Pflanzen-  und  Thierwelt"  C*'')  in  1863.     He  calls  attention  to  the  fact 
that  in  1863  the  ^roup  of  phenomena  called  hy  Berzeliiis  ''catalytic 
actions"  were  as  3'et  but  very  imperfectly  understood,  especially  such 
as  are  concerned  with  changes  in  the  composition  of  orj^anic  com- 
pounds brought  about  by  the  action  of  ferments,  such  as  the  alcoholic 
fermentation  and  the  conversion  of  starch  into  sugar  through  the 
action  of  diastase.     He  was  therefore  inclined  to  the  opinion  that  the 
decomposition  of  h3^drogen  peroxide  into  water  and  common  oxygen 
by  the  action  of  platinum  and  similar  metals  may  be  regarded  as  the 
prototype  of  all  catalytic  phenomena.     Indeed,  as  he  points  out  in  a 
later  part  of  this  article,  Berzelius  had  already  compared  the  decom- 
position of  hydrogen  peroxide  by  the  noble  metals  to  the  fermentation 
of  grape  sugar  by  yeast.     It  was  therefore  with  the  view  of  thi-owing 
still  further  light  on  the  causes  of  catal3\sis  in  general  that   these 
studies  on  the  decomposition  of  hydrogen  peroxide  by  substances  of 
animal  and  vegetable  origin  were  first  undertaken.     He  observed  that 
platinum  and  the  noble  metals  generally  ra])idly  blue  a  tinctui-e  of 
guaiacum  containing  hj-drogen  i)eroxide,  and  that  a  certain  amount 
of  the  hydrogen  peroxide  present  is  decomposed  into  water  and  (om- 
mon  oxygen.     It  follows  from  this  that  the  ])ower  of  these  sul)stances 
to  catalyze  hydrogen  peroxide  is  so  intimately  associated  with  tluMr 
power  to  blue  the  tincture  of  guaiacum  containing  hydrogen  ])eroxide 
that  both  properties  are  referable  to  the  same  cause,  and  it  was  for 
this  reason  that  a  tincture  of  guaiacum  containing  small  amounts  of 
hydrogen  ])eroxi(le  ])roved  to  be  a  valuable  reagent  in  the  investigation 
of  these  phenomena.     By  means  of  it  he  proved  that  these  catalytic 
agents  have  the  widest  possible  distribution  in  vegetable  and  aninuil 
tissues.     Among  the  substances  tested  with  the  guaiacum  hydrogen 
peroxide  reagent  were  a  number  of  the  common  enzymes,  such  as 
diastase,  emulsin,  niyrosin,  rennin,  etc.,  \^east,  gluten,  and  over  100 
species  of  plants,  including  certain  fungi  and  molds,  an<l  also  a  number 
of  seeds  and  substances  of  animal  origin,  such  as  iibrin,   led  blood 
corpuscles,  and  saliva.     Without  exception,  all  of  these  substances 
were  found  by  him  to  actively  decompose  hydrogen  jHMoxide,  and 
with  only  two  excej)tions,  yeast  and  rennin.  all  of  them  likewise  gave 
rise  to  tli<'  production  of  guaiacum  blue.     Schoenl)ein  C'*')  therefore 
concluded  that  the  ])()wer  to  (hn-omposc  hydrogen  ])eroxide  and  to  blue 
guaiacum  ther(>by  is  intimately  associated  with  the  sjx'cilic  activity 
of  the  unorganized   ferments  and  with  such  vital  |)henomena  as  the 
sprouting  of  seeds,  etc.,  inasnuich  as  all  of  these  biologic  properties 
ai-e  lost  by  heating  to  lOO''  (\,  by  e\j)osnre  to  hydrogen  sulphich-,  and 
also,    as  shown    in    a    later   jjapei' (•''*■■).   l>y   exposuic   lo  hydrocyanic 
acid. 
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In  still  another  communication  in  the  year  1863,  on  "The  conduct 
of  blood  toward  oxygen"  C**),  he  points  out  that  ozone  and  hydrogen 
peroxide  are  formed  simultaneously  ui  a  large  number  of  slow  oxida- 
tions, such  as  the  oxidation  of  phosphorus  in  a  moist  atmosphere. 
Li  a  large  number  of  cases,  however,  only  hydrogen  peroxide  is  met 
with  as  the  by-product  of  the  oxidation,  as,  for  example,  in  the  oxida- 
tion of  metalhc  substances,  pyrogallic  acid,  etc.;  and  m  still  another 
large  group  of  cases  neither  ozone  nor  hydrogen  peroxide  are  pro- 
duced, for  the  reason,  probably,  that  the  latter  oxidations  are  accom- 
plished by  common  oxygen  without  activation  in  any  way.  He  then 
goes  on  to  say  that  the  view  has  long  been  prevalent  that  in  all  oxida- 
tions resulting  in  the  formation  of  ozone  or  hydrogen  peroxide  the 
conversion  of  common  inactive  oxygen,  (O),  into  ©  or  G  takes  place. 
The  former,  ©,  then  unites  with  water  to  form  hydrogen  peroxide, 
H0  +  ©,  whereas  the  latter,  0,  is  either  consumed  at  once  m  the 
oxidation  or  appears  as  ozone.  Indeed,  according  to  Schoenbeir,  0 
is  ozone.  He  therefore  arrived  at  the  conclusion  that  the  neutral 
oxygen  which  is  taken  into  the  body  during  res]:)iration  must  obviously 
sufl'er  such  a  change  of  state  before  it  can  accomplish  the  oxidations 
ordinarily  taking  place  in  the  animal  organism.,  and  since  both  ozone 
and  hydrogen  peroxide  result  from  the  oxidation  of  many  substances, 
he  expected  to  find  these  substances  in  the  blood  of  animals.  As  a 
matter  of  fact,  however,  although  he  employed  the  most  delicate 
reagents  ui  testing  for  these  substances  in  the  blood,  he  was  unable 
to  find  a  trace  of  either  ozone  or  hydrogen  peroxide  therein.  In  this 
connection  he  points  out,  however,  that  Hiss  had  shown  that  ozone 
readily  oxidizes  the  albumin  and  fibrin  of  blood  and  also  the  blood 
corpuscles,  and  that  long  ago  Thenard  had  shoun  that  fibrin  readily 
decomposes  hydrogen  peroxide  into  water  and  common  oxygen,  and 
he  himself  had  sho\\Ti  that  blood  corpuscles  obtained  from  defibri- 
nated  blood  also  rapidly  decompose  hydrogen  peroxide,  and  that  a 
solution  of  defibrinated  blood  of  such  dilution  as  to  no  longer  exhibit 
the  characteristic  color  of  blood  rapidly  blues  tincture  of  guaiacum 
containing  hydrogen  peroxide.  He  concludes,  therefore,  that  while  the 
common  oxygen  consumed  in  respiration  is  resolved  into  ©  and  0,  the 
latter,  0,  is  at  once  consumed  in  oxidations,  and  that  the  former,  ©, 
unites  with  water  to  form  hydrogen  peroxide  (HO  +  ©) ;  which,  how- 
ever, is  rapidly  decomposed  by  the  red  blood  corpuscles  into  water  and 
common  oxygen.  This  again  enters  into  the  ordinary  cycle  of  changes 
met  with  m  the  absorption  and  utilization  of  the  respired  oxygen,  viz, 
into  the  formation  of  ©  and  0,  so  that  ultimately  all  of  the  oxygen 
would  be  gotten  into  a  form  available  for  oxidations,  viz,  0. 

It  should  likewise  be  borne  in  mind  that  the  blood  corpuscles  not 
only  have  the  power  of  decomposing  hydrogen  peroxide  int(^  water 
and  common  oxygen,  but  also  of  ozonizing  the  oxygen,  ©,  which  it 
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contains,  after  the  manner  of  a  lead  salt,  as  indicated  hy  the  fact 
that  a  solution  containing  the  peroxide  and  red  blood  corpuscles 
rapidly  blues  a  tincture  of  guaiacuni.  In  the  hght  of  these  facts, 
therefore,  one  can  readily  understand,  he  says,  why  the  red  blood 
corpuscles  have  the  power  of  rapidly  decomposing  hydrogen  peroxide, 
nor  should  one  be  inclined  to  look  upon  this  as  a  useless  property, 
since  the  blood  corpuscles  also  have  the  power  of  ozonizing  a  part  "of 
the  oxygen  of  the  peroxide  after  the  manner  of  jilatinum  or  a  lead 
salt.  Accordmg  to  Schoonbein,  therefore,  the  red  blood  corpuscles, 
by  virtue  of  their  activatmg  and  catalyzing  projxMties,  play  an 
important  role  in  all  processes  of  oxidation  occurring  in  the  organism 
of  the  liigher  animals,  inasmuch  as  it  is  scarcely  conceivable  that 
their  oxidizing  power  should  be  confined  entirely  to  guaiacum  resm 
or  pyrogallic  acid. 

So  far  as  the  historical  development  of  the  subject  is  concerned,  the 
work  on  the  oxidases  is  approximately  divisible  into  three  periods. 
The  first  period  begins  with  the  earlier  observations  by  Planche, 
Taddci,  antl  Schoenbein,  on  the  bluing  of  guaiacuni.  The  second  period 
has  to  deal  with  the  work  of  Moritz  Traube.  The  third  period  beguis 
with  the  work  of  Yoshida  and  Bertrand  on  laccase,  and  includes  ah 
recent  investigations  on  the  subject.  Obviously,  as  is  the  case  with 
ah  things  historicaUy  considered,  the  work  of  each  of  these  periods 
over-laps  somewhat  the  work  of  the  other  periods. 

To  review  briefly  the  salient  facts  brought  to  light  during  the  first 
period,  we  note  that  Wollaston  was  the  first  to  call  specific  attention 
to  the  bhimg  of  guaiacum  and  to  the  part  played  by  air  and  light  in 
effecting  this  change.  William  Brande  also  ascribed  tliis  change  of 
color  to  oxygen,  and  succeeded  hi  showing  that  pure  oxygen  gas  effects 
the  change  somewhat  more  rapidly  than  atmosjiheric  air.  Then 
followed  the  earlier  observations  of  Blanche,  that  guaiacum  is  rai)idly 
blued  by  the  vapors  of  nitric  acid  and  also  by  the  fresh  root  of  the 
horse-radish.  This  last-mentioned  observation,  made  in  1809,  marks 
the  first  recognition  of  a  change  brought  about  by  an  oxidizing 
ferment,  although  the  ferment-hke  nature  of  the  substance  causing 
the  change  was  not  definitely  recognized  until  many  years  afterwards. 
Other  French  observers  noted  a  bluing  of  guaiacuni  by  gums,  such  as 
gum  arabic,  and  also  by  saliva.  Taddei  showed  that  under  the 
influence  of  aii  and  nioistiire  the  gluten  of  wheat  flour  blues  guaiacum, 
and  Blanche  showed  that  this  reacticm  is  characteristic  of  the  roots 
of  a  large  number  of  pliints.  and  also  of  fresh  milk,  and,  further,  that 
the  power  to  blue  gu:ii;i(iini  on  the  part  of  these  substances  was  lost 
on  boiling.  Thus,  without  fully  api)reciating  its  signiflcance,  this 
observer  discovered  one  of  the  most  characteristic  properties  of  the 
oxidases  as  a  class,  viz,  the  loss  of  oxidizing  power  (m  boiling. 
Blanche  however  failed  (o  recognize  the  pari  j)layed  by  atmospheric 
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oxygen  in  these  changes,  and  attributed  the  bkiing  of  guaiacum  by 
plant  tissues  to  a  pecuHar  unstable  principle  which  he  called  cyanogene. 

After  the  work  of  Priestley  and  Lavoisier,  the  greatest  impetus  to 
a  better  understanding  of  the  processes  of  oxidation  was  given  by  the 
discovery  of  ozone  by  Schoenbein  in  1840.  We  have  seen  that  this 
observer  recognized  this  active  variety  of  oxygen  among  the  products 
of  slow  oxidation,  and  that  he  explained  the  phenomenon  of  oxygen 
carrying  as  due  to  the  production  of  ozone  or  of  an  ozonide.  He 
greatly  extended  our  knowledge  of  the  bluing  of  guaiacum,  and  also 
the  earlier  observations  of  Planche  on  the  presence  of  oxygen  exciters 
in  plants  and  animals,  and  he  accounted  for  the  remarkable  oxidizing 
activity  of  such  substances  on  the  supposition  that  they,  in  common 
with  platinum,  nitric  oxide,  and  other  oxygen  carriers,  ozonize  the  air, 
combining  with  the  ozone  thus  produced  to  form  an  active  ozonide, 
which  in  turn  can  give  up  its  oxygen  to  other  less  readily  oxidizable 
substances.  These  were  his  Sauerstofferregerri  and  Sauerstojftrdgern. 
They  are  what  we  to-day  term  the  oxidases,  or  oxidizing  ferments. 
Through  the  action  of  these  substances  on  certain  chromogens  he  was 
able  to  explain  the  changes  of  color  observed  in  the  growth  and  decay 
of  certain  species  of  the  higher  fungi,  and  similar  changes  occurring 
in  certain  fruits,  such  as  take  place  in  the  apple  when  peeled  or 
crushed.  He  also  recognized  the  wide  distribution  of  substances 
capable  of  decomposing  or  catalyzing  hydrogen  peroxide  and  of 
greatly  activating  the  latent  oxidizing  powers  of  this  substance;  and 
all  of  these  facts  he  was  able  to  explain  more  or  less  satisfactorily  in 
terms  of  his  theory  respecting  the  relation  existing  between  common 
oxygen,  ozone,  and  antozone,  according  to  which  ozone  and  antozone 
were  oppositely  electrified;  that  under  the  influence  of  various  sub- 
stances, like  platinum,  etc.,  common  oxygen  and  antozone  or  an  anto- 
zonide  could  be  transformed  into  ozone  or  an  ozonide,  and  finally 
that  ozone  could  react  with  an  antozonide,such  as  hydrogen  peroxide, 
to  form  common  oxygen.  In  this  connection  it  may  be  observed  that 
no  one  can  read  the  writings  of  Schoenbein  without  being  impressed 
with  the  great  wealth  of  his  observations,  and  his  theory  regarding 
the  nature  of  ozone  will  always  serve  to  remind  the  thoughtful  student 
of  chemistry  how  clearly  and  apparently  how  accurately  a  great 
variety  of  phenomena  can  ofttimes  be  explained  by  an  hypothesis 
altogether  erroneous  in  its  premises. 

It  is  evident,  therefore,  that  during  the  first  period,  covering  approxi- 
mately the  first  six  decades  of  the  nineteenth  century,  the  presence  of 
oxygen  activators  and  carriers  in  the  plant  and  animal  world  had  been 
recognized,  and  the  more  important  characteristics  of  the  oxidases 
and  peroxidases  had  been  discovered,  so  far  as  we  have  an  accurate 
knowledge  of  these  properties  to-day,  and  yet  the  terms  ''oxidase" 
and  "oxidizing  ferment"  had  not  up  to  this  time  been  introduced  into 
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tlie  science,  the  nearest  aj)proacb  to  them  beino;  the  use  of  the  terms 
Sauerstojferreger  and  Sauer staff trdger  emplo3-e(l  in  the  hiter  ^\Titings 
of  Schoenbein,  and  the  recognition  of  the  fact  by  this  author  that  the 
power  to  activate  oxygen  and  hydrogen  peroxide  is  more  or  less 
intimately  associated  with  the  zymotic  activity  of  the  unorganized 
ferments  and  with  vital  jihenomena  generally.  He  accounted  for  all 
of  these  phenomena  on  the  supposition  that  by  means  of  various  sub- 
stances and  under  various  influences  the  oxygen  of  the  air  becomes 
ozonized. 

In  the  meantime  other  chemists  and  physicists  (see  Soret  (^"•■),  An- 
drews and  TaitC^),  BrodieC"^),  Odling^'^))  j^^^j  gradually  come  to 
distinguish  more  clearly  between  the  three  forms  of  oxygen,  viz. 
ordinary  oxygen  O^,  ozone  O3,  and  active  (atomic)  oxygen,  O 
(antozone).  The  result  has  been  that  Schoenbein's  original  views 
regarding  the  manner  in  which  the  Sauerstofferregern  and  Sauerstoff- 
trdgern  effect  the  activation  of  ordinary  atmospheric  oxygen,  and  the 
transfer  of  oxygen  to  other  less  readily  oxidizable  substances  thereby, 
have  been  considerably  modified  and  our  knowledge  of  what  we  know 
as  the  oxidizing  ferments  considerably  extended. 

OXIDIZING  FERMENTS  (  •  VERWESUNGSFERMENTE  "  AND   "  OXYDATIONS- 

FERMENTE,"  Trauhc). 

During  the  second  period  of  the  develoi)nient  of  this  subject  our 
knowledge  of  processes  of  slow  oxidation  and  oxygen-activation,  as 
well  as  of  fermentation  in  general,  was  considerably  extended  throudi 
the  labors  ()f  Moritz  Traube.  It  remained  for  Traube  to  introduce 
into  the  science  the  term  ''oxidizing  ferment"  {Oxudationsferment)  as 
a  generic  term  for  the  unstable  Sauerstoferngcr  ami  Saurrstotftrdger  of 
Schoenbein,  which  were  found  by  Planche  and  Schoenbein  to  be  so 
widely  distributed  among  plants  and  animals. 

In  185S  Traube ('")  gave  to  the  world  his  "Theory  of  Fermenta- 
tion" (Theorie  der  Fermentwirkungen,  von  Moritz  Traube,  Berlin, 
Ferd.  Diimmlers  Verlagsbuchhandlung,  1S5S).  A  brief  outline  of  this 
theory  is  also  given  in  a  pai)er  i>ublishe(l  in  Poggondorf's  Annal<Mi  ('="), 
and  later  he  developed  his  ideas  in  a  series  of  articles  in  the  Berichte 
der  Deutschon  Chemischen  Gesellschaft.  In  paragraph  1 75,  page  61 , 
of  Traube's  "Theorie"  it  is  stated  that  an  essential  distinction  be- 
tween putrefactive  and  vital  ferments — that  is.  those  present  in  the 
living  organism — does  not  appear  to  exist. 

In  this  treatise  and  in  his  later  papers  li(>  (levelo|)ed  the  idea  that  the 
ferments  are  not  bodies  in  a.  state  of  decomiiosition  which  ijnpart 
decomposition  to  other  substances,  as  Imd  Ikhmi  supposed  by  Liebig, 
but  are,  in  all  probability,  chemical  (•()ini)()un(ls  originating  from  pro- 
teids  which,  while  not  as  yet  isolated  in  pure  condition,  have,  without 
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doubt,  as  have  other  compounds,  a  definite  chemical  composition,  and 
which,  through  the  exercise  of  definite  chemical  affinities,  produce 
alterations  in  other  compounds.  He  held  also  that  Schwann's 
hypothesis,  as  subsequently  developed  by  Pasteur,  namely,  that  fer- 
mentation is  the  result  of  the  action  of  the  life  phases  of  lower  organ- 
isms is  insufficient,  and  that  rather  tlie  converse  of  this  h3"pothesis  is 
really  correct,  namely,  that  the  ferments  are  the  causes  of  the  impor- 
tant bio-chemical  processes  and  are  not  confined  to  the  lower  organ- 
isms, but  are  present  also  in  the  higher  forms  of  life.  {See  Traube's 
"Theorie,"  supra,  paragraph  175,  p.  61.)  In  this  connection  he 
pointed  out  that  the  ferments  are  produced  at  ordinary  or  slightly 
elevated  temperatures  from  the  decompositicm  of  protein  substances 
by  the  action  of  water,  probably  under  the  influence  (^f  oxygen.  Thus 
fresh  meal  prepared  from  dry  grain  contains  no  diastase.  If,  how- 
ever, the  grain  acts  upon  water  in  a  limited  supply  of  air,  chemical 
changes  occur  and  diastase  is  generated.  (Par.  172,  p.  60,  Traube's 
"Theorie.")  lie  also  pointed  out  that  in  many  instances  at  least,  the 
ferments  are  ideal  catalysts,  acting  as  chemical  go-betweens  between 
free  or  combined  oxygen  and  the  fermentable  substances.  Thus  the 
blood  is  an  ideal  carrier  of  free  oxygen,  in  that  in  the  lungs  it  becomes 
saturated  with  oxygen,  which  is  used  for  the  purpose  of  direct  oxida- 
tion in  the  capillaries,  from  which  it  is  returned  to  the  lungs  to  recom- 
bine  with  oxygen. 

He  was  led  to  believe  further,  as  a  logical  corollary  of  his  theory, 
that  various  organic  and  inorganic  substances  other  than  those 
elaborated  in  the  living  cell  may  under  certain  conditions  function  as 
ferments.  That  such  is  the  case  is  shown  by  the  fact  that  ]>latinum 
is  a  carrier  of  oxygen;  that  is,  it  may  exert  the  same  sort  of  action  as 
the  Verwesungsfermente  (oxidizing  ferments),  and  that  in  indigo- 
sulphuric  acid  we  have  a  substance  capable  of  exhibiting  changes 
altogether  analogous  to  certain  kinds  of  fermentation.  Later  he  ('-^) 
showed  in  this  connection  that  platinum  black  at  150°  to  160°  (\  de- 
composes solutions  of  sugar  with  the  production  of  carbon  dioxide 
and  of  a  light  oil,  which  gives  the  iodoform  reaction. 

Briefly  put,  Traube's  theory  of  fermentation  is  based  upon  two  dis- 
tinct chemical  propositions;  first,  that  the  ferments  are  definite 
chemical  compounds  elaborated  from  proteid  as  a  result  of  the  com- 
bined action  of  heat,  water,  and  oxygen,  and  present  not  only  in  the 
lower  organisms  but  also  in  the  tissues  of  the  higher  forms,  where  they 
are  res])onsible  for  bio-chemical  processes;  second,  that  the  ferments 
are  powerful  reducing  agents  and  oxygen  carriers,  capable  in  their 
capacity  of  chemical  go-betweens  (Vermitthr)  of  effecting  the  trans- 
fer not  only  of  free  oxygen  to  easily  oxidizable  substances  but  also  the 
transfer  of  combined  oxygen  from  one  compound  to  another. 
11670— Dull.  59—10 4 
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He  was  led  to  divide  ferments  into  three  classes: 

(a)  Verwesvngsfermente,  those  which  combine  loosely  with  free 
oxj'gen,  forming  unstable  compounds  which  give  up  their  oxygen  to 
other  less  readily  oxidizable  substances. 

(h)  Reductionsfermente,  those  which  combine  with  the  oxygen  of 
water,  the  hydrogen  going  to  effect  the  reduction  of  the  passive  body. 

(c)  IJochstes  Faulnissfemiente,  those  which  cause  putrefactions  in 
which  hydrogen  is  set  free. 

He  was  led  to  believe  further  that  all  of  these  ferments  have  the 
power  of  carrying  to  other  substances  the  oxygen  with  which  they  have 
combined,  thereby  becoming  reduced  and  gotten  into  the  condition 
whereby  they  can  again  combine  with  fresh  quantities  of  oxygen  and 
again  curry  it  to  oxidizable  substances.  In  this  way  they  are  able  to 
carry  free  and  combined  oxygen  in  practically  unlimited  quantities 
to  other  substances,  and  in  that  way  bring  about  gradual  decav 
(Verwesung)  and  fermentation  proper  {Gahrung).  (Traube,  <2r,. 426^ 
In  the  one  case  {Verwesung).  the  oxygen  rec|uired  for  the  oxidation 
comes  from  the  air;  in  the  other  case  {(idhrung)  it  comes  from  the 
water.  Hence  in  all  true  fermentations  water  acts  not  merely  as 
a  solvent,  but  actively  participates  in  the  process.  In  this  discus- 
sion, however,  we  are  primarily  concerned  only  with  his  first  class 
of  ferments,  viz,  the  Ver-wesungsfcrrnente.  These  he  divided  into 
two  groups:  Vitale,  those  met  with  in  the  higher  life  forms,  and 
faulige,  putrefactive,  those  concerned  in  the  change  and  decay  of  dead 
material.  In  the  first  class  he  placed  the  guaiacum  bluing  ferment 
of  the  potato  and  the  red  coloring  matter  of  blood.  In  the  second 
class  ho  placed  the  ferments  concerned  in  the  transformation  of 
alcohol  into  acetic  acid  and  the  nitrogenous  compounds  of  dung  into 
nitrates.  As  nearly  as  I  have  been  able  to  determine,  the  term 
"  Verwesung,'^  as  employed  by  Traube  in  this  connection,  seems  to 
have  been  borrowed  from  the  writings  of  l^iebig,  and  in  terms  of  the 
present  nomenclature  employed  for  processes  in  which  tli(>  oxidizing 
ferments  are  concerned,  it  is  practically  untranslatable.  As  ordin- 
arily emplo3ed,  it  signifies  putrefaction  or  decay.  In  reality,  as 
employed  by  Liebig,  it  referred  primarily  to  the  spontaneous  decay  of 
vegetable  matter,  whereby  this  sort  of  material  is  ultimately  con- 
verted into  brown  mold  or  humus-like  substances.  Other  English 
writers  have  encountercMl  this  difTiculty  in  dealing  with  this  word  and 
its  d(M-ivatives.  Thus  in  translating  Liebig's  Agricultural  Chemistry 
Gregory  was  forced  to  coin  the  word  orniaaiusis  (from  th(>  (ircM^k, 
meaning  "slow-burning")  as  the  e(|ui\  nlcMit  of  ]^crwesuii(f,  the  intio- 
diiction  of  this  term  bcMug  made  with  Li(>l)ig's  consent.  In  his  earlier 
writings  on  the  subject  Traube  made  constant  use  of  the  term  r^/v/v.v- 
ungsfermcuti  as  signifying  the  oxidizing  fcrmculs,  to  the  exclusion  of 
prjiclicjilly  nil  ofhci-  names  for  these  substance's.      In  Paragraj)!!  l.'}2, 
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page  49,  of  his  "Theorie,"  it  will  be  seen,  however,  that  he  employs 
the  term  "Sauerstoffubertragenden  Fermente"  (oxygen-carrying  fer- 
ments) for  the  vegetable  oxygen  carriers  described  by  Planche  and 
Schoenbein,  and  later,  in  1874,  in  an  article  on  the  conduct  of  yeast 
in  oxygen-free  media  C^"),  referring  to  his  earlier  work,  he  says: 

I  have  given  several  examples  to  show  that  there  are  substances  (in  animal  and 
vegetable  tissues)  which,  like  platinum,  nitric  oxide,  and  indigo-sulphuric  acid,  carry 
free  oxygen  to  other  substances  and  thereby  accomplish  their  oxidation.  (Sauer- 
stoffubertragcr,  oxydationsfermente.) 

It  was  in  his  later  writings  ("'•''^0 »  however,  especially  in  his  contro- 
versy with  Iloppe-Seyler  that  he  insists  upon  the  use  of  the  term 
Oxydationsfermente  (oxidizing  ferments)  as  preferable  to  the  term 
Verwesungsfermente,  which  latter  term  he  had  previously  employed 
as  signifying  those  ferments  which  possess  the  power  of  taking  up 
free  oxygen  and  carrying  it  to  other  passive  substances,  thereby 
accomplishing  the  oxidation  of  the  latter. 

As  the  result  of  their  action,  the  oxidizing  ferments  suffer  no  chem- 
ical alteration,  playing  merely  the  part  of  go-betweens  in  oxidation, 
in  that  they  alternately  combine  with  oxygen  and  give  it  up  to  other 
substances.  Obviously,  according  to  Traube,  free  oxygen  is  essential 
to  their  action.  In  this  connection  his  earlier  observations  on  the 
oxidizing  ferments  of  the  potato  are  of  interest.  lie  showed  that  if 
thinly  cut  potato  peel  is  rubbed  up  in  a  mortar  with  a  small  amount 
of  distilled  water,  a  solution  is  obtained  which  blues  guaiacum  in- 
tensely. If  the  blue  solution  thus  obtained  be  allowed  to  stand  in  a 
reagent  glass  it  bleaches,  except  on  the  upper  surface  where  it  is  in 
contact  with  the  air.  On  shaking  with  air,  however,  the  whole  solu- 
tion again  acquires  a  deep  blue  color,  which  on  standing  again 
bleaches.  This  alternate  bluing  of  the  solution  by  shaking  with  air 
and  subsequent  decolorization  of  the  lower  layer  of  the  solution  upon 
standing  was  observed  upon  one  and  the  same  solution  for  a  period 
of  fourteen  days,  indicating  that  the  potato  peel  contained  a  true 
oxygen  carrier  through  the  instrumentality  of  which  the  oxygen  of 
the  air  was  transferred  first  to  the  guaiacum  and  sul)sequently  to 
other  substances.  He  also  showed  that  the  potato  loses  its  power 
to  blue  guaiacum  at  80°  C,  and  that  the  unstable  oxygen  carrier 
which  it  contains  is  soluble  in  dilute  alcohol.  He  points  out  that  a 
body  of  such  remarkable  chemical  conduct  and  of  such  wide  distribu- 
tion in  the  ])lant  kingdom  must  play  a  significant  role  in  the  growth 
of  vegetation.  Similarly,  he  also  recognized  the  red  coloring  matter 
of  the  blood  as  a  powerful  oxygen  carrier,  and  ^^  as  led  to  regard  mus- 
cular acti\ity  as  a  respiratory  act  in  which  the  muscle  fiber  fimctions 
as  an  oxidizing  ferment  in  that  it  unites  with  the  oxygen  supplieil  by 
i\w  blood  to  form  an  unstable  compound,  which  in  turn  gives  up  its 
oxygen  to  other  less  readily  oxidizable  compounds  contained  in  the 
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muscle  fluids  both  in  rest  and  active  work,  resulting  finally  in  the  ])ro- 
duction  of  animal  heat  and  work.  In  other  words,  muscular  activity 
and  the  production  of  animal  heat  were  accomplished,  like  all  Vn- 
wesungsjyrocessen,  through  the  action  of  Verwesungsfermente  (oxidiz- 
ing ferments)  on  the  free  oxygen  of  the  air.     (Traube  (*27.430)  j 

In  plants,  under  the  influence  of  oxidizing  ferments  as  go-betweens, 
oxygen  accomplishes  the  conversion  of  soluble  carbohydrates  into 
cellulose,  and  in  animals  it  converts  soluble  proteids  into  ferments. 
He  goes  on  to  say  further  that  the  lessons  to  be  learned  concerning 
oxygen  are  only  limited  by  those  to  be  learned  of  organic  life  itself. 

OXIDASES  (Laccase,  Bcrtrand). 

A  new  impulse  to  the  study  of  the  oxidases  \\as  given  by  the  beauti- 
ful researches  of  Yoshida,  and  later  by  those  of  Bertrand,  on  the 
changes  occurring  in  the  sap  of  the  lac  tree,  Rhus  vermicifera,  and 
allied  species.  It  liad  long  been  known  to  the  Japanese  that  the 
milk-like  sap  of  the  lac  tree  dries  and  hardens  on  exposure  to  the  air 
and  turns  brown  and  finally  black,  thereby  yielding  a  lustrous, 
translucent  varnish,  which  is  highly  prized  on  account  of  its  luster 
and  stability.  In  1883  Yoshida  (^"")  for  the  first  time  undertook  an 
accurate  investigation  of  these  interesting  changes.  lie  found  that 
the  lac  tree  yields  a  strongly  corrosive  sap,  which  he  called  "  uruslii ; " 
this  he  found  to  consist  essentially  of  four  substances,  viz.,  water, 
urushic  acid,  Culii^O^,  gum,  and  a  peculiar  diastatic  nuitter  wliicli 
possesses  the  power  of  transforming  the  urushic  acid  into  oxy- 
urushic  acid,  Cj  JligO^,  through  the  action  of  the  oxygen  of  the  air,  in 
the  presence  of  moisture.  He  found  that  this  nitrogenous  compound 
loses  this  property  when  heated  to  63°  C.  He  was  therefore  led  to 
conclude  that  in  this  substance  we  have  an  enzyme  which  has  \]w 
power  of  carrying  oxygen  to  the  urusliic  acid,  tlu-reby  transforming 
it  into  oxy-urushic  acid  which  is  the  basis  of  lac  varnish.  Wv  also 
showed  that  urushic  acid  can  be  transformed  into  oxy-urushic  acid 
by  chromic  acid. 

Eleven  years  later  a  more  exhaustive  investigation  of  tlie  cliangcs 
occurring  in  the  sap  of  the  lac  tree  was  undertaken  Wy  t  h(>  French 
chemist  Bertrand ("*'"),  with  the  result  that  Vosliida's  previous 
results  were  confirmed.  According  (o  Bertrand,  the  changes  ob- 
serv(Ml  when  the  fresh  juice  of  the  lac  tree  is  allowed  to  stand  in  the 
air  are  brought  about  by  the  oxygen  of  the  air  under  the  inlhienee 
of  an  oxidizing  ferment  (diastastr  oxydanU)  to  which  he  gave  tiie  nain(> 
of  laccase.  Aft(>r  boiling  laccase  loses  the  power  of  bringing  about 
these  changes.  ll<Miee  he  n^gards  laccase  as  the  jirovocative  agent  of 
the  oxidation,  and  found  it  not  only  in  the  fresh  juice  of  the  lac  tnu' 
but  also  in  gum  arai)ic  and  gum  Senegal.  According  to  Bertrand.  the 
o\idizal)le  snl)stanee  pres(Mit   in  the  juice  of  the  lac  tree  and   which 
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Yoshida  had  called  urushic  acid,  shows  many  resemblances  to  the 
polyatomic  phenols.  He  therefore  called  this  substance  "laccol," 
and  in  view  of  this  analogy  he  was  led  to  study  the  conduct  of  laccase 
toward  a  number  of  the  polyatomic  phenols  and  related  compounds 
with  the  result  that  he  found  many  of  these  to  be  oxidized  under  these 
conditions.  Thus,  hydroquinon  is  converted  by  laccase  into  quinon 
and  quinhydron,  with  the  absorption  of  oxygen  f").  Thus,  a  1  per 
cent  solution  of  hydroquinon  alone  or  with  boiled  laccase  does  not 
absorb  oxygen  from  the  air  nor  is  it  altered  in  any  way.  In  the 
presence  of  a  small  amount  of  laccase,  however,  such  a  solution  ab- 
sorbed 25.4  c.  c.  of  oxygen  in  three  hours.  With  tannin  and  pyrogallol 
the  oxidation  was  always  attended  with  the  disengagement  of  con- 
siderable amounts  of  carbon  dioxide.  Thus,  in  two  experiments 
oxygen  was  absorbed  and  carbon  dioxide  disengaged  in  the  follow- 
ing amounts: 

„  A 1       1     1         Carbon  dioxide 

Oxygen  Absorbed.  disengaged. 

(1)  23.3  c.  c.  13.7  c.  c. 

(2)  29.8  c.  c.  16.4  c.  c. 

He  also  found  guaiacum  to  be  a  useful  reagent  for  laccase,  and  by 
means  of  it  he  was  able  to  detect  the  enzyme  in  many  plants,  such  as 
potatoes,  apples,  peas,  quinces,  lucerne,  clover,  asparagus,  turnips, 
chestnuts,  and  various  rhizomes  ("). 

Bertrand  and  BourquelotC^),  by  the  use  of  guaiacum,  found  laccase 
in  a  large  number  of  species  of  mushrooms.  Out  of  18  species  ex- 
amined at  this  time  only  two,  Polyporus  sulfureus  Bull,  and  Squor- 
mosus  Huds.,  were  found  not  to  give  the  guaiacum  reaction.  Hence 
laccase  is  not  confined  to  the  chlorophyllous  plants,  but  occurs  in 
the  nonchlorophyllous  plants  also. 

The  oxidations  occurring  in  the  juice  of  the  apple,  observed  in  cider- 
making,  were  also  studied  about  this  time  by  Lindet  ("') .  This  author 
also  claims  to  have  reached  the  conclusion,  as  early  as  1893,  that  a 
soluble  ferment  governs  this  oxidation,  and  in  a  later  article  he  ("-)  con- 
cludes that  the  changes  of  color  occurring  in  fresh  cider  are  due  to  the 
oxidation  of  tannin  by  a  ferment,  of  the  type  of  laccase,  contained  in 
the  tissues  of  the  apple. 

In  the  course  of  his  investigations  Bertrand  found  that  laccase 
always  contains  small  amounts  of  manganese  and  that  its  oxidizing 
power  is  proportional  to  the  amount  of  manganese  present;  and 
further  that  oxidations  accomplished  by  laccase  are  greatly  acceler- 
ated by  small  amounts  of  manganese  salts  and  that  no  other  metal 
is  capable  of  accelerating  the  oxidation  brought  about  by  laccase. 

In  the  course  of  these  investigations  the  old  observations  by 
Schoenbein  ("*)  that  various  fungi  become  colored  in  the  air  was  also 
confirmed   by  Bertrand   and  Bourquelot  ("') .     They  arrived  at  the 
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notion  that  the  change  of  color  is  brought  about  by  an  oxidizing  fer-  \ 

ment  which  they  liokl  to  be  identical  with  laccase.     The  cliromogen  ; 

of  the   blue  substance   was  later   isolated   by  Bertrand   and  called  J 

boletolC").     On  the  other  hand  it  was   known    that  certain  fungi  I 

become  red  and  then  black  (not  blue)  on  exposure  to  the  air.     In  i 

such  fungi  Bertrand  and  Bourquelot  ("*)  found  t}Tosin.     Now,  since  ! 

this  compound  is  not  oxidized  by  laccase  but  is  oxidized  by  the  fresh  i 

extract  of  those  fungi  in  which  it  occurs,  they  ascribed  its  oxidation  to  | 

a  second  oxidizing  ferment  which  they  called  "tyrosinase."     Bour-  < 

quelot  found  t\Tosinase  in  many  plants,  including  the  potato  aii<!  ! 
sugar  beet. 

From  these  observations  Bertrand  was  led  to  regard  laccase  as  on(>  ! 

of  a  group  or  class  of  oxidizing  ferments  to  which  lie  gave  the  general  | 
name  of  "oxydases."     Thus  in  an  article  on  the  relationships  exist- 
ing between  the  constitution  of  certain  organic  compounds  and  their 
oxidizability  under  the  influence  of  laccase  he  (")  says  in  footnote  _'. 
on  page  793: 

I  propose  to  apply  the  generic  term  oxydases  to  so1u1)1p  (ixidizing  ferments  in  order 
to  distinguish  them  from  the  true  diastases  (ferments)  which  produce  dmilile  decdin- 
position  with  the  fixation  of  water. 

To  Bertrand,  therefore,  we  owe  the  introduction  into  the  science 
of  the  term  oxydase. 

Boutroux  C^)  has  objected  to  the  use  of  the  term  oxyda.^c  as  pro- 
posed by  Bertrand  for  such  oxygen  carriers  as  laccase  and  that  am-    \ 
tained  in  bran,  on  the  ground  that  the  termination  -ctat  has  been  cm-    : 
ployed  exclusively  to  indicate   a   hydrolytic   ferment,  and    for    the    ! 
further  reason  that  the  formation  of  such  a  word  as  oxydaj^te  is  con-    ' 
trary  to  the  general  rule  governing  tlie  nomenclature  of  enzymes, 
according  to  which  the  stem  of  the  word  thus  employed  designates 
the  substances  upon  which  the  enzyme  exerts  its  action;  thus  mnlidsc 
signifies  the  ferment  which  hydrolyzes  maltose.     On  the  other  lunid  it 
should  be  borne  in  mind  that  this  nomenclature  for  the  unorganized 
ferments  has  never  been  rigorously  applied,  as  indicated  by  the  use  of    j 
the  terms  Invcrtnue  and  diasfas( .     Furthermore,  the  term  oxj/dafir  was 
well  chosen,  since  these  ferments  all  act  upon  oxygen  or  a  peroxide, 
and  such  terms  as  laccase  and  ti/ro.nna,<ie,  etc..  serv(>  to  differentiate    j 
the  oxydases  from  one  another  and  lik(>\vis(»  iinhciite  th(>  substauc(>s    ! 
upon  which  the  oxygen  acts. 

As  is  the  case  with  other  s()hd)h'  ferments,  th(>  oxidases  have  |)roh- 
ably  never  been  obtained  in  a  condition  of  i)in'ity.  liKh'ed,  we  jiave 
no  r(>liable  criteria  whereby  to  judge  of  their  i)urity.  and  hence  bul  j 
little  is  known  regarding  their  composition.  From  th(>  fact  ilial  lac-  ' 
case  always  contains  manganese,  and  that  a  salt  of  this  metal  great  l\ 
inereas(>s  the  activity  of  the  oxidase,  Bertrand  n>ach«>d  the  conclusion 
that  laccase  consists  of  nninganese  in  combination  with  a  |)ro(ci(l 
radicl(\     The    former    functions    in    tlu^    capacitv    of    a    co-ferment, 
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whereas  to  the  latter  the  laccase  owes  its  zymotic  characteristics, 
such  as  destructibihty  by  heat,  poisons,  etc. 

According  to  Portier  C^"),  the  following  properties  are  characteristic 
of  an  oxidase : 

(1)  The  power  to  oxidize  certain  substances  in  the  presence  of  free  oxygen,  gaseous 
or  dissolved . 

(2)  The  power  to  cause  the  absorption  of  oxygen  during  oxidation. 

(3)  Destruction  by  heat. 

(4)  Nondialyzability. 

According  to  Bourquelot  C^),  the  oxidases  belong  to  the  class  of 
enzymes  and  possess  the  following  characteristics  common  to  enzymes 
in  general: 

(1)  Catalytic  power,  viz.,  power  to  effect  the  transfonnation  of  an  indefinite  amount 
of  material  by  means  of  an  infinitesimal  quantity  of  the  ferment. 

(2)  Like  other  ferments,  their  activity  is  subject  to  regular  and  constant  influence 
by  heat,  increasing  in  oxidizing  power  with  rise  in  temperature  to  42°-45°  C.  (optimum 
temperature),  then  falling  off  in  activity  with  further  rise  to  60°-70°  (".,.and  finally 
completely  destroyed  at  100°  C. 

(3)  Insolubility  in  alcohol. 

(4)  Solubility  in  water,  even  after  precipitation  by  alcohol  and  desiccation. 

(5)  Adsorption  by  precipitates  (colloids). 

(6)  Absence  of  power  to  dialyze. 

In  addition  to  these  general  characteristics,  they  possess,  according 
to  this  author,  the  following  properties  properly  belongmg  to  the 
oxidizing  ferments : 

(1)  Power  of  accomplishing  oxidation  by  means  of  gaseous  or  dissolved  oxygen. 

(2)  The  accompaniment  of  the  oxidations  accomplished  by  them  with  a  notable 
absorption  of  oxygen. 

Duclaux  C^",  vol.  2,  p.  565),  has  defined  oxidases  as  substances 
which  at  ordinary  temperatures  and  under  physiologic  conditions, 
carry  oxygen  rapidly  to  substances  upon  which,  without  the  inter- 
vention of  oxidases,  ordinary  oxygen  would  act  very  slowly. 

The  oxidases  are  very  readily  soluble  in  water;  they  are  also  readily 
soluble  in  glycerin,  but  in  other  organic  solvents  thus  far  investigated 
they  seem  to  be  insoluble.  Thus  I  {'^^)  have  found  the  oxidase  of 
Lepiota  americana  to  be  very  soluble  in  water,  glycerin,  40  per  cent 
formaldehyde,  and  mixtures  containing  water  and  alcohol,  but  insolu- 
ble in  ethyl,  amyl,  and  allyl  alcohols.  This  fungus  also  gave  up  its 
oxidase  to  a  preservative  solution  containing  equal  quantities  of 
water  and  alcohol  to  which  a  small  amount  of  formaldehyde  had  been 
added.  Some  observations  seemed  to  show  that  it  was  soluble  in 
toluene  to  some  extent.  It  has  also  been  my  own  experience  that 
aqueous  solutions  of  the  oxidases  are  very  unstable  even  in  the  pres- 
ence of  mild  antiseptics.  Thus  aqueous  extracts  of  the  potato  soon 
lose  their  power  to  blue  guaiacum,  even  when  preserved  under  anti- 
septic conditions.  Bourquelot  observetl  that  an  aqueous  extract  of 
Russiila  delica  when  preserved  with  chloroform  first  loses  its  power  to 
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oxidize  tvrosin,  then  guaiacol,  and  finally,  after  eight  weeks,  its  power 
to  oxidize  guaiacum.  I  have  found  aqueous  extracts  of  Lepiota 
americana  to  oxidize  guaiacum  at  the  end  of  eighteen  weeks.  Bertrand 
found  tyrosinase  to  be  ver}'  unstable.  On  the  other  hanil,  according 
to  Bourquelot  ('^),  aqueous  solutions  of  tyrosinase  to  which  chloroform 
had  been  added  were  found  to  be  active  at  the  end  of  two  or  three 
months. 

In  glycerin  the  oxidizing  ferments  are  inuch  more  stable.  Thus 
Gessard  (***)  has  found  that  a  solution  of  tyrosinase  in  glycerin, 
obtained  from  mushrocmis  by  Bourquelot 's  method,  is  stable,  and  in 
his  work  he  employed  such  an  extract  which  had  retained  its  activity 
for  ten  months.  Bourquelot  (*")  found  that  glycerin  extracts  of 
Ladarius  velutinus  retained  their  oxidizing  })r()pertics  for  a  year  or 
longer.  In  the  course  of  my  own  work  on  this  subject  I  luive  found 
that  glycerin  extracts  of  Ladarius  piperatus  and  Ladarius  volumen 
prepared  in  the  summer  of  1905,  both  of  which,  in  the  fresh  state, 
were  found  to  be  quite  active  toward  guaiacum  and  ty rosin,  were 
still  active  toward  these  substances  in  the  summer  of  ]!)()9. 

As  a  general  thing,  the  oxidizing  power  of  an  oxitiase  is  not  con- 
fined to  one  particular  oxidizable  substance.  Thus  laccase  lias  been 
found  to  oxidize  not  only  laccol,  the  oxidizable  principle  of  the  jui((> 
of  the  lac  tree,  but  also  to  oxidize  guaiacum,  guaiacol,  hydroquinonc. 
phenolphthalin,  and  a  large  number  of  phenols  antl  aromatic  amino 
compounds.  (See  pp.  59-61.)  So  also  tyrosinase  oxidizes  not  only 
tyrosin  but  also  a  large  number  of  related  compounds.  (Seepp.  81  -84.) 
In  the  same  way  an  oxidase  which  will  oxidize  benzaldehych'  to  ben- 
zoic acid  will  also  oxidize  salicylic  aldehyde,  benzyl  alcohol,  and 
related  substances.  On  the  other  hand  laccase  will  not  oxidize  tvro- 
sin,  nor  will  tyrosinase  oxidize  guaiacum  or  ])h(>noli)li(lialin.  So  in 
the  same  way  man}^  animal  tissues  which  have  been  fouiul  to  oxiiHze 
sahcylic  aldehyde  are  without  effect  on  guaiacuni,  hyih-cxpiinone,  and 
tyrosin.  While  thus  not  absolutely  confined  in  their  action  to  any  one 
particular  oxidizable  substance,  the  oxidases  exhibit  a  certain  degree 
of  specificity  in  the  sense  that  they  are  more  or  less  limited  in  their 
action  to  certain  groups  of  substances  which  are  more  or  less  closely 
related  chemically.'* 


"  From  his  studies  on  the  spontaiioous  oxidation  of  tho  sufT'irs,  Mathows  (-'*")  roiicludcs 
that  two  distinct  proiips  of  substances  have  been  confused  under  the  name  of  oridasrs: 
one  proup,  the  oxidases  jiroper,  activates  oxyf,'en  more  or  loss  generally  toward  all 
oxidizable  substances,  while  the  other  group  of  ferment.*,  which  are  more  specific  in 
their  action,  activates  certain  oxidation  processes,  such  as  the  oxidation  of  sugars, 
by  causing  a  di.ssociation  of  the  sugar  molecule.  For  the  latter  he  jtrojxiscs  the  name 
metabolase,  since  they  hasten  metabolism.  According  to  this  author  the  failure  on 
the  ])art  of  the  organism  to  burn  glucose  under  certain  conditions  is  probably  not  du(> 
to  the  absence  of  oxidases,  but  to  ihe  loss  of  ils  j)ower  to  dissociate  glucose  into  easilj^ 
oxidi'/,al)li'  siil)slaiices. 
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CLASSIFICATION  OF  THE   OXIDASES. 


Various  attempts  have  been  made  from  time  to  time  by  different 
observers  to  effect  a  classification  of  the  oxidases.  None  of  these  are 
altogether  satisfactory,  but  are  probably  as  good  as  can  be  made  in 
the  present  state  of  our  knowledge  of  these  substances. 

According  to  Griiss  C'"')  there  are  three  classes  of  oxidases  in  the 
higher  plants,  namely  a-oxidases,  ^3-oxidases,  and  ^--oxidases.  The 
a-oxidases  (1)  act  directly  upon  guaiacum  and  tetramethyl-para- 
phenylene  diamin  with  the  fixation  of  oxygen;  (2)  they  are  soluble 
in  glycerine  and  are  partially  precipitated  from  their  solutions  by 
acetate  of  lead,  and  are  easily  destroj^ed  by  alcohol;  (3)  they  are 
found  in  the  parenchymatous  tissue  of  the  potato  and  in  most 
dicotyledenous  plants.  The  ^^-oxidases  (1)  activate  the  oxygen 
of  peroxides,  and  hence  they  only  blue  guaiacum  or  act  upon 
tetramethyl-para-phenylene  diamin  in  the  presence  of  hydrogen  per- 
oxide or  a^similar  substance;  (2)  they  are  soluble  in  glycerine  and  are 
precipitated  from  their  solutions  by  alcohol  and  ether  without  being 
destroyed;  (3)  they  have  been  found  in  the  resting,  mature  tubers 
of  the  potato.  The  ^--oxidases  (1)  also  activate  the  oxygen  of 
peroxides,  and  hence  only  blue  guaiacum  or  act  upon  tetramethyl- 
para-phenylene  diamin  in  the  presence  of  hydrogen  peroxide;  (2) 
they  are  not  destroyed  even  by  boiling  alcohol,  and  in  order  to  demon- 
strate their  presence  the  tissue  must  be  boiled  in  alcohol  for  a  short 
time  before  adding  the  hydrogen  peroxide  and  oxidase  reagent ;  (3) 
they  have  been  found  in  old  wounds  in  plants  such  as  the  potato,  in 
the  diastase  of  the  barley  grain,  in  association  with  cytase,  in  the  lep- 
tome  of  growing  roots,  in  Astragallus  gIyco2?hylloides,  etc. 

Griiss  has  also  classified  certain  of  the  vegetable  oxidases  according 
to  diffeiences  in  conduct  toward  certain  oxidase  reagents.  Thus  he 
observed  that  certain  oxitlases  can  act  upon  tetramethyl-para- 
phenylene  diamin,  but  not  upon  guaiacum,  whereas  other  vegetable 
tissues  are  capable  of  oxidizing  both.  He  therefore  divided  the 
oxidases  into  two  groups:  (1)  the  guaiacum-oxidases,  and  (2)  the 
amino-oxidases.  An  example  of  the  latter  is  furnished  by  the  oxidase 
of  yeast.  In  this  connection  Rey-Pailhade  (="•-)  was  able  to  find  only 
two  kinds  of  oxidases  in  plant  tissues,  (1)  those  which  oxidize  guaia- 
cum and  (2)  those  which  only  oxidize  Rohmann-Spitzer's  reagent 
(a-naphthol  and  para-phenylcnc  (Haniin).  The  first  is  identical 
with  Bertrand's  laccase;  the  second  with  the  indophenol-forming 
oxidases  which  occur  so  generally  in  animal  tissues.  In  this  coimec- 
tion  Pohl(^--')  found  certain  plant  extracts  to  give  the  indophenol 
reaction,  but  to  be  incapa])le  of  oxidizing  formaldehy(k\ 
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Resell  (■■'•^-)  (listing:uishes  between  extra-and  intra-cellular  ferments, 
and  divides  the  oxidases  into  the  following  groups: 

(1)  Aldehydases  (Jacoby),  puch  as  ealicylase,  etc. 

(2)  Indophenol-oxidase  (Spitzer),  found  in  aseptic  pus  (Achalme). 

(3)  Guaiacum  oxidase  (Schoenbein),  found  in  plant  tissues. 

(4)  Hydrogen  peroxide  ferment  (Ro.«ell),  peroxidase  (Linossien,  indirect  oxidase 
(Bourquelot),  and  pos.«ibly  includes  catalase  under  this  head. 

(5)  The  glycolytic  ferment  (Lepine). 

(6)  The  purin  oxidase  (Spitzer). 

The  following  classification  of  the  oxidases  and  other  ox^-gen.-car- 
riers  concerned  in  biological  oxidations  would  seem  to  be  more  in  line 
with  present  requirements: 

<1)  Laccase;  ferments  oxidizing  guaiacum,  guaiacol,  hydroquinone,  phenolphthalin, 
tannin,  etc.,  directly  by  means  of  atmospheric  or  dia'^olved  oxygen  and  without  the 
intervention  of  hydrogen  peroxide.  According  to  Bach  and  Chodat,  laccase  consists 
of  a  peroxidase,  together  with  an  oxjgenase  (a  peroxide).  In  this  connection,  see  also 
a  recent  communication  by  Moore  and  Whitley  {^'^). 

(2)  Tyrosinase;  ferments  acting  on  tyrosin  and  related  substances. 

(3)  Aldehydase;  ferments  oxidizing  aromatic  aldehydes  and  related  compounds. 

(4)  Indophenol  oxidase  (Spitzer),  ferments  oxidizing  a  mixture  of  a-uaphthol  and 
para-phenylene  diamine  to  indophenol  and  other  substances. 

(5)  The  purin  oxidases. 

(6)  Glycolytic  ferments,  causing  the  disappearance  of  sugar  from  animal  tissues. 

In  addition  to  the  oxidases  proper,  we  have  among  relatetl  ferments 
and  carriers  the  following: 

(1)  Peroxidases;  oxidizing  oxidase  reagents  only  in  the  presence  of  a  peroxide 
such  as  hydrogen  peroxide.  These  are  the  indirect  oxidases  (Bourquelot)  and  the 
^-oxidase  of  Griiss.  According  to  Moore  and  Whitley  (''"«)  the  peroxidase  is  the  only 
type  of  enzyme  concerned  in  oxidizing  processes  occurring  in  living  cells  and  tissues. 

(2)  Catalases  (Loew).  These  ferments  actively  decompose  hydrogen  peroxide,  but 
are  incapable  of  effecting  the  oxidation  of  oxidase  reagents  by  means  of  the  peroxide. 

(3)  Oxygen  carriers  (not  true  ferments).  This  class  includes  such  substances  as  the 
iron-containing  jiignients  of  the  blood,  hemocyanin,  and  the  ;--oxida.<es  of  Gra-^s. 
They  activate  the  oxygen  of  a  peroxide,  but  differ  from  the  true  luToxidases  in  having 
greater  stability.     (.Ste  Kastle  (-■"').) 

Whether  the  laccase,  tyrosinase,  aldehydase,  etc.,  obtained  from 
different  vegetable  and  animal  sources  are  really  in  all  cases  the  same 
substances  can  not  be  determined  witii  certainty  in  the  present  state  of 
our  knowledge  respecting  these  substances.  As  already  inchcated,  a 
very  huge  number  of  plant  tissues  contain  an  oxichi.se  capable  of 
bluing  guaiacum  and  oxiiHzing  hydro((uin()iu>:  wlietiuM-  this  is  the 
same  chemical  substance  which  is  responsible  for  the.'^e  oxiihitions  in 
all  cases  can  not  be  (h'finifely  (h'ciih^d.  For  certain  reasons  it  woidd 
seem  probal)le  that  the  sul)stances  lesjjonsible  for  such  oxichitions,  in 
case  theie  were  several,  are  at  least  closely  related  chemically.  On 
the  other  hand,  certain  facts  are  known  which  woidd  seem  to  indicate 
that  they  might  have  the  greatest  diversity  of  composition  and  yet 
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all  be  capable  of  activating  oxygen  toward  guaiacum,  hydroquinone, 
etc.  From  what  is  known  regarding  the  effect  of  manganese  on  laccase, 
it  would  seem  that  almost  any  colloidal  solution  of  manganese  might 
exhibit  essentially  the  same  reactions  as  laccase.  (See  pp.  122-131.) 
The  conduct  of  the  oxidases  and  peroxidases  toward  a  large  number 
of  substances  has  been  investigated  by  Bertrand,  and  also  by  Bour- 
quelot  and  others.  In  this  connection  Bertrand  (")  has  studied  the 
influence  of  the  chemical  constitution  of  certain  organic  compounds 
on  their  oxidizabiUty  by  laccase. 

Thus,  he  has  shown  that  the  oxidizability  of  the  polyatomic  phenols 
by  laccase  depends  upon  the  relative  ease  with  which  they  are  con- 
verted into  quinones.  In  this  respect  they  conform  in  general  to  the 
findings  of  the  Brothers  Lumiere  ('"»)  respecting  the  action  of  such 
substimces  as  photographic  developers.  Thus,  para-amido-phenol  is 
an  excellent  developer  and  is  also  readily  oxidizable  by  laccase, 
whereas  meta-amido-phenol  is  not  a  photographic  developer  and  is 
not  acted  upon  by  laccase.  Similar  results  have  been  obtained  with 
para-phenylene  diamin  and  meta-phenylene  diamin.  On  the  other 
hand,  the  aromatic  monophenols  and  monamins  are  not  as  a  rule 
easily  oxidized  by  laccase;  the  only  substances  easily  oxidized  by 
laccase  are  those  of  the  benzene  series  containing  hydroxyl  or  amino 
groups  in  the  ortho  or  para  positions.  This  rule  defines  the  oxidizing 
power  of  laccase  and  serves  to  distinguish  this  soluble  oxidizing  fer- 
ment from  the  oxidases  which  attack  compounds  of  different  chemi- 
cal constitution. 

BourquelotCO  ^^as  also  investigated  the  action  of  the  oxidizing 
ferments  found  in  Russula  delica,  namely,  laccase  and  tyrosinase,  on 
a  large  number  of  compounds.  He  found  the  oxidizing  power  of  this 
mixtiue  of  oxidases  to  be  dependent  upon  the  reaction  of  the  medium. 
Thus,  a  solution  of  anilin  was  scarcely  oxidized  at  all,  owing  to  its 
alkalinity,  while  in  the  presence  of  small  amounts  of  acetic  acid  the 
oxidation  proceeded  rapidly  up  to  a  certain  limit  of  acidity,  beyond 
which  it  was  again  checked,  owing  to  the  presence  of  an  excess  of  acid. 
He  found  that  the  mixture  of  oxidizing  ferments  from  Russula  delica 
is  capable  of  oxidizing  a  large  number  of  phenols  ("•  '")  and  aromatic 
amino  compounds  (»-),  among  which  may  be  mentioned  phenol,  the 
cresols,  xvlenols,  thymol  and  carvacrol,  alpha-  and  beta-naphthol, 
also  the  ethers  of  various  phenols  C«),  anisol,  phenetol,  guaiacol,  acetyl- 
guaiacol,  veretrol,  eugenol,  acetyl-eugenol,  vanillin,  and  vanillic  acid; 
and  by  means  of  aqueous  extracts  of  Russula  delica  and  Lactarius 
velufinus  he  was  able  to  ol)tain  powerful  oxidations  with  anilin, 
sulfate  of  anilin,  methyl-,  ethyl-,  and  diethy-anilin,  meta- and  para- 
toluidin,  the  xylidins,  naphthylamin,  and  veratrylamin. 

According  to  Bertrand  and"  Bourquelot  ('•'•  ")  tyrosin  is  the  best 
reairent  foi'  tyrosinase. 
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OXIDASE  AND  PEROXIDASE  REAGENTS. 

Under  tliis  head  are  ^iven  the  names  of  the  (^neater  number  of 
reagents  which  liave  been  actually  employed  in  the  study  of  oxiilases, 
peroxidases  and  other  oxygen  catalysts  occurring  in  the  livino; 
organism.  As  will  be  seen  the  greater  number  of  these  substances 
belong  to  the  aromatic  series,  and  on  oxidation  by  the  oxitlase  or 
peroxidase  give  rise  to  a  colored  substance;  thus,  guaiacum  is  con- 
verted into  guaiacum  blue,  phenolphthalin  into  ])henol|)hthalein,  which 
is  red  in  alkaline  solution,  the  leuco-base  of  malachite  green  into  mala- 
chite green,  guaiacol  into  guaiacol-tetraquinone  [CelljCOClIg )()],. 
which  is  red  in  color.  No  attemi)t  has  })een  made  to  classify  these 
reagents  either  as  to  chemical  constitution  oi-  acconling  to  the  nature 
of  the  substance  which  they  yield  on  oxidation  l)y  the  oxidase  or 
peroxidase. 

Table,  of  oxidase  unci  peroxidase  reagents. 
Name  of  substance.  References. 

Guaiacum 51,  74,  185.  13(5,  3.i2, 

377.  3S4,   417.  418, 
419. 

Guaiaconic  acid 142  3(j2 

Guaiacol 75  J^^ 

Hydroquinone 48,  49,  70. 

.^^o*n 238,  251,  3(13,  3G4. 

Phenolphthalin 240.  247,  334,  335.  330. 

Ethyl-phenolphthalin 238,  245. 

Leuco-rosolic  acid 245 

Leuco-base  of  malachite  green 1 1  104  105, 131,  i<)3. 

Tyro.sin ,i4'  77  \^ 

Benzidin II  ;^(j,) 

Pyrot^'allol 30.  3 1 . 

Potassium  iodide  and  starch !!)_  :{77_  1^7})  411 

Tetramethyl-para-phenylene  diamin .|(i4. 

Para-phenylene  diamin 444 

Para-diethyl-para-phenyleno  diamin 437. 

a-naphlhol 77,  194 

rt-nai)hthyl  amin 39Q 

^'^"'"'» 210,  2()(i,  390,  453. 

Phenol II    7,; 

Pyrocatechin H 

Ortol 43. 

Amidol 2.5S 

Tannin .77.) 

Salicylic  aldehyde 5  225  291   ■'9"'  3(i(; 

Benzyl  alcohol ;^,;,; 

Formic  aldehyde 1^29 

Arson  ions  acid 40^ 

Pyr:inii<l()n 2,")'' 

a-naphthdl   and  i)ara-plienylene  diamin  in  solution  in  sodium 

carl)(»nate,  and  analogous  reagents ,35]  453, 

T'^ugenol 7fj  ^ofx 

Iso-eugenol |.2(; 


I 


61 


Name  of  substance. 


Keferences. 


Thymol 77, 124. 

Ortho-toluidin 74,  76. 

Para-toluidin 74,  76. 

Meta-toluidin ''^• 

Ortho-,  meta-,  and  para-cresols 76. 

Xylidin 76. 

Auilin 74,  76. 

Ortho-,  meta-,  and  para-xylenols ' 77. 

Carvacrol 77. 

Many  of  these  reagents  have  found  si)ecial  apphcation  in  the  study 
of  particular  phases  of  biological  oxidations.  Thus,  hydroquinone 
and  guaiacum  have  been  most  extensively  used  in  the  investigation 
of  laccase;  tyrosin  in  the  study  of  tyrosinase;  and  salicylic  aldehyde 
in  the  study  of  aldehydase.  So,  in  the  same  way,  guaiacum,  alom, 
benzidin,  the  leuco-base  of  malachite  green,  and  phenolphthalin 
have  been  most  extensively  used  in  testing  for  blood,  whereas  the 
potassium  iodide-starch  reagent  (v.  Storch  {*'')),  para-phenylene 
diamin,  and  guaiacum,  have  been  most  extensively  employed  in 
distinguishing  between  raw  and  boiled  milk. 

Various  attempts  have  also  been  made  to  determine  quantitatively 
the  oxidizing  power  of  these  various  catalysts  by  means  of  certain 
of  these  reagents.  Thus,  Laborde  ("■^")  has  proposed  a  colorimetric 
method  in  which  tincture  of  guaiacum  is  used  for  this  purpose;  simi- 
larly Slowtzofl"C"^)  has  employed  the  indophenol  reaction,  Kastle(-''^' 
240,  2U)^  ^i^Q  oxidation  of  phenolphthalin,  and  Czyhlarz  and  von 
Ftirth  ('^^)  the  oxidation  of  the  leuco-base  of  malachite  green,  as  the 
basis  of  colorimetric  methods.  Bach  C'')  has  made  use  of  the  oxida- 
tion of  hydriodic  acid  (i)otassium  iodide  and  acetic  acid) ,  for  quanti- 
tative purposes,  and  later  Bach  and  Chodat  ('"■  '')  have  employed  the 
change  of  pyrogallol  to  purpurogallin  for  the  quantitative  study  of 
the  peroxidase  reaction.  Herzog  and  Meier  C^")  have  measured  such 
oxidations  (quantitatively  by  means  of  vanillm,  which  is  converted 
mto  dehydrovanillin,  and  Battelh  and  Stern  C'^)  have  employed  the 
oxidation  of  formic  acid.  The  conversion  of  tyrosin  mto  melanin 
has  also  been  studied  quantitatively  by  von  Furth  and  Jerusalem  {"'), 
and  by  Bach  ('').     (See  pp.  79-81.) 

LACCASE. 

This  oxidase  iuis  been  so  fully  cimsidered  in  the  historical  develop- 
ment of  the  subject  of  the  oxidases  that  l)ut  little  additional  need  be 
said  concerning  it.  As  already  pomted  out  m  the  foregomg,  it 
rapidly  blues  guaiacum  and  oxidizes  hydro(iumone  with  the  absorp- 
tion of  oxygen,  and  its  activity  is  greatly  augmented  by  the  presence 
of  verv  small  amounts  of  manganese  salts.     Like  other  ferments,  its 
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activity  is  lost  on  boiling.  As  is  evident  from  the  work  of  Flanche  (^-^' 
^"),Schoenbein,  C"-  ^^*-  ^^•'),  and  Bertrand  ("''),  laccase  or  a  giiaiacum- 
bluing  ferment  of  similar  nature  is  almost  universallj^  distributed  in 
the  plant  kingdom.  Thus  Bertrand  found  it  in  the  tubers  of  the 
dahlia,  in  the  potato,  in  the  rhizome  of  the  American  reed,  in  the 
racines  of  the  beet  and  turnip,  in  the  stalk  of  the  asparagus,  and  in 
apples,  pears,  etc.  As  a  matter  of  fact,  there  are  certainly  but  com- 
paratively few  of  the  higher  fungi  or  of  the  chlorophyllous  plants 
which  do  not  blue  guaiacum  at  least  m  certain  of  their  tissues  at 
certain  stages  of  their  development. 

It  was  believed  at  one  time  by  liey-Paihiade  (•"-'•  ^*^)  that  animal 
tissues  have  not  the  power  to  blue  guaiacum  and  that  therefore  they 
contain  no  laccase.  Subsequent  investigations,  however,  have  shown 
that  this  is  much  too  sweeping  a  generalization.  Thus  Biedcrmann  ("^) 
observed  that  an  aciueous  extract  of  tlic  middle  intestine  of  the  starv- 
ing meal-worm  gives  an  intense  blue  coloration  with  guaiacum. 
According  to  Giard  ('^-),  Botrylloides  cyanescEiis  and  Ascidia  fuiuigata, 
Grube,  give  an  inmiediate  and  veiy  intense  blue  color  with  tmcture 
of  guaiacum.  The  blood  of  the  last-named  ascidian  was  clear  yellow 
when  freshly  drawn,  becoming  dark  green  on  exposure  to  the  air. 
Portier  (^^")  has  confirmed  these  observations  on  Ascidia  ntentula, 
and  Abelous  and  Biarnes  (")  have  obtained  sunilar  results  with  the 
blood-plasma  of  the  craw-fish.  Similarly  Fieri  and  Portier  (•''-')  have 
found  a  powerful  oxidase  in  the  gills  and  labial  palps  and  blood  of  the 
acephalous  molluscs,  including  the  common  oyster  and  the  fresh- 
water species,  Anadonta  cygnea;  this  oxidase  is  said  to  give  an 
intense  blue  coloration  with  guaiacum  and  to  rai)i<lly  convert  hydro- 
quincme  into  quinono  and  quinhydrone.  Ilougonenci  and  Paviot  (-'") 
claim  to  have  found  that  certain  mahgnant  tumors  give  the  guaiacum 
reaction;  Cavazzani  ("'')  has  made  experiments  indicating  the  i)res- 
ence  of  an  oxidase  in  the  cerebro-spinal  lluid,  which  he  has  termed 
"  Cerebro-spinase, "  and  recently  the  brothers  Lumier^  and  Ciiev- 
rotier  0^')  Jiave  pre[)ared  a  protoplasmic  extract  of  red  blood  cor- 
puscles to  whicli  they  have  given  the  name  "llemoplase"  and  whicli 
they  claim  i)()ssesses  the  properties  of  an  oxidase  to  a  iiMuaikahle 
degree,  as  shown  by  its  j^ower  to  oxidize  guaiacum,  guaiacol,  para- 
phenylem^  <Hamin,  jnrogallol,  and  Imlnxjuinone.  Gessard  ('■'•')  lias 
found  laccase  in  the  ink-ghnid  of  the  cuttle-fish. 

Whil(^  these  observations  are  of  interest  as  showing  the  (K-currence 
of  laccase  or  a  similar  guaiacuni-bhiing  ferment  in  animal  t  issuer;  and 
fluids,  it  is  undoiiI)I('(lly  true  that  such  ferments  are  of  much  larer 
occurrence  in  animal  than  in  plant  tissues.  At  j)r(>seut  the  precise 
signihcance  of  this  is  only  a  matter  of  conjecture.  It  is  interesting 
to  note  in  this  connection,  however,  that  Khrlich  ('•■)  found  the  tissues 
of  the  higher  aninials  tti  |)o.ssess  powerfid  reducing  pro|)ert icis.  as 
indicated  by  their  conduct  toward  methylene  blue.     It  is  (juite  con- 
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from  animal  tissues,  but  that  their  presence  is  merely  obscured  by 
the  presence  of  powerful  reducing  substances,  whose  affinity  for  their 
oxygen  is  so  great  as  to  prevent  the  oxidation  of  the  oxidase  reagent. 
Laccase  is  very  soluble  in  water  and  aqueous  solutions  of  the 
ferment  are  very  readily  obtained  from  such  plants  as  the  potato 
(Solanum  tuberosum)  (tuber),  from  the  fruit  of  the  egg  plant  (Sokmum 
melongena),  from  the  silk  of  the  green  com  (Zea  mays),  and  from 
many  varieties  of  fungi.  In  my  own  experience  Lactarius  inyeratus 
and  Lejnota  americana  afford  excellent  material  from  which  to  obtain 
the  ferment.  The  former  yields  nearly  colorless  water-clear  extracts 
of  considerable  oxidizing  power,  while  the  latter  fungus  affords 
extracts  of  remarkable  oxidizing  power.  In  this  connection  glycerin 
extracts  of  Lactarius  pijyeratus  and  Lactarius  volumen,  which  had  been 
kept  in  the  laboratory  in  glass  stoppered  bottles  for  a  period  of  four 
years,  still  showed  the  laccase  and  tyrosinase  reactions  strongly.  (See 
p.  56.)  It  not  infrequently  happens  that  laccase  occurs  in  association 
with  tyrosmase  in  the  same  plant  or  even  animal  tissues.  vSee  Gessard 
^185,  186)^  ,^nd  Bertrand  {^*).  In  the  separation  of  the  two  oxidases 
advantage  is  taken  of  the  greater  stability  of  laccase  toward  heat  and 
alcohol.  Thus  from  Russula  delica  Bertrand  separated  the  two 
ferments  by  precipitating  the  aqueous  extract  obtained  by  macerating 
the  fungus  with  its  own  weight  of  chloroform  water,  with  one  and  one- 
half  times  its  volume  of  95  per  cent  alcohol.  The  filtrate  thus 
obtained  after  concentration  at  50°  C,  still  showed  all  of  the  reactions 
of  laccase.  It  failed,  however,  to  oxidize  tyrosin.  On  the  other  hand, 
an  aqueous  extract  of  the  alcoholic  precipitate  oxidized  tyrosin,  but 
failed    to    oxidize   hydroquinone   or   pyrogallol   to  any   approcuil)le 

extent. 

Similarly  it  was  found  possible  to  destroy  the  tyrosinase  and  leave 
the  laccase  in  the  aciueous  extract  by  heating  to  70°  C.  {See  Bach  "). 
In  the  preparation  of  laccase  no  special  precautions  are  necessary 
other  than  those  which  hold  for  the  preparation  of  ferments  in  general. 
If  tyrosinase  is  present  along  with  the  laccase,  the  extract  is  either 
heated  to  70°  C.  for  a  short  time  to  destroy  the  tyrosinase,  or  the 
latter  is  precipitated  by  the  cautious  addition  of  alcohol.  The  tyro- 
sinase-free  extract  may  then  be  concentrated  by  evaporation  at  low 
temperatures  and  the  laccase  finally  precipitated  by  the  addition  of 
alcohol.  Inasmuch  as  we  have  no  criterion  for  judging  of  the  a])s()- 
lute  purity  of  a  ferment,  it  is  very  doubtful  whether  much  is  gahied 
by  the  attempt  to  isolate  laccase  and  the  other  oxi(hises  in  pure  con- 
dition, and  it  has  been  my  own  experience  that  we  freciuently  lose  ni 
activity  what  we  gain  in  the  so-called  purity  of  the  enzyme  by  all 
attempts  at  its  purification.  The  stability  of  laccase  api)arently 
depends  uj^on  the  nature  of  the  substances  with  which  it  finds  itself 
in   association   or  upon  conditions  which  at  present  are  altogether 
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unknown  to  us.  Thus  it  is  not  an  unusual  thing  to  find  that  extracts 
of  the  peel  of  the  potato  lose  their  power  to  oxidize  guaiacum  after 
standing  a  few  hours,  (see  Kastle  and  Shedd  ^'^),  whereas  aqueous 
extracts  of  Lepiota  americana  retain  their  activity  for  weeks  or  even 
months  {see  Kastle  ^^^),  and  glycerin  extracts  of  Lactarivs  pij)eratus 
and  Lactarius  volumen  were  found  by  Kastle  to  l)lue  iruaiacuin  four 
years  after  they  were  first  prepared. 

Reference  has  already  been  made  to  the  fact  that  a(|ueous  extracts 
of  laccase  have  been  found  to  lose  their  activity  on  boiling.  It  has 
also  been  pointed  out  that  laccase  is  less  sensitive  toward  heat  than 
tyrosinase.  That  it  has  a  rather  high  thermal  death  point  as  com- 
pared with  certain  other  ferments  may  be  seen  fnnn  the  following 
observations  bearing  on  this  point.  Kastle  C^^"^)  found  that  exposure 
to  a  temperature  of  80°  C.  or  higher  for  a  short  time  is  sufficient  to 
render  the  very  active  oxidases  of  Lepiota  americana,  inert.  On  the 
other  hand,  at  temperatures  below  80°  0.  an  hour's  exposure  was 
found  to  be  insufficient  to  destroy  the  oxidizing  power  of  these  ex- 
tracts toward  guaiacum.  Bertrand  (cited  by  Green  ('""),  j).  29'A) 
found  laccase  to  be  still  active  after  heating  to  70°  C. 

As  already  pointed  out  (see  pp.  59-61),  laccase  is  not  specific  in  its  ac- 
tion, but  promotes  the  oxidation  of  a  large  num])or  of  easily  oxidizablo 
substances,  such  as  guaiacum,  guaiacol,  phenolphthalin.  hyih-cxiui- 
none,  pyrogallol,  adrenalin,  and  many  other  phenols  and  ainint) 
derivatives  of  the  benzene  scries. 

It  has  long  been  known  that  such  substances  as  liy(h-oc\anic  acid 
and  hydrogen  sulfide  destroy  the  activity  of  the  oxidases  and  similar 
catalysts.  BoufFard  (""•  "")  has  pointed  out  that  sulfurous  acid  j)rc- 
vents  the  action  of  oenoxydase.  Up  to  the  i)resent,  however,  very 
littlesystematic  work  has  been  done  on  the  effect  of  poisons  on  laccase. 
Kastle  and  Loevenhart  (~")  o])served  that  the  oxidizing  |)ower  of 
aqueous  extracts  of  th(^  potato  is  destroyed  l)y  hych'ocyanic  acid, 
hydroxylamin,  phenylliydrazin,  sodium  thiosulfate,  and  tenth-nor- 
mal solutions  of  certain  acids,  such  as  hydrochloric,  liydrobi-oniic, 
benzene-sulfonic,  para-nitro-toluene-sidfonic,  oxalic,  and  salicylic, 
and  that  these  substances  also  inliiWiteil  the  oxidizing  powiM-  of  ceiM  ain 
organic  ]:)eroxides.  liecently Bertrand  ("')  has  found  that  most  acids 
exert  a  poisonous  or  paralyzing  action  on  laccase.  On  the  other  , 
hand,  thei'e  are  some  acids,  such  as  carbonic,  boric.  an<l  phosjihoric,  ' 
which  are  inacti\(>  at  ;ill  <-onc<"nl  rat  ions.  j 

I'llK    rUKI'AHA  I'lON    OK  I.ACCASK. 

Slowtzoff  (""),  using  the   potato   and    cabbage    as   sources   of   th(>  i 

ferment,    employtMJ    the    following    method    for    the    pr(^|)aration   of  \ 

what  he  calls  j)ur(»  laccas(>:     One  kilogram  of  fn>sh-washed  j)otatoes  ^  I 

were  macerated  to  a  paste  and  acetic  acid  added,  so  as  to  form  a  0.5  l 
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to  1.0  per  cent  solution,  in  order  to  prevent  the  action  of  the  oxidases 
on  tyrosin  and  other  chromogens  contained  in  the  potato.  After 
standing  twenty-four  hours  the  mass  is  strained  through  a  cloth  and 
filtered.  The  clear  reddish  or  yellowish  liquid  is  then  saturated  with 
ammonium  sulfate,  and  the  precipitate,  consisting  of  proteids,  coloring 
matter,  and  ferments,  is  collected  on  a  filter  and  washed  with  satu- 
rated ammonium  sulfate  solution,  and  finally  dissolved  in  water. 
This  salting  out  with  ammonium  sulfate  and  re-solution  in  water  is 
repeated  three  or  four  times.  The  water  solution  finally  obtained 
was  then  dialyzed  against  running  water  in  pergament  paper  and  then 
precipitated  with  4  to  5  volumes  of  95  per  cent  alcohol.  The  pre- 
cipitate thus  obtained  was  collected  on  a  filter,  washed  with  ether  and 
dried  over  sulfuric  acid.  At  the  end  of  a  week  the  yellowish-brown 
powder  thus  obtained  was  extracted  with  distilled  water;  a  water- 
clear  solution  was  thus  obtained  which,  after  saturation  with  chlo- 
roform and  standing  a  month,  gave  only  a  slight  percipitate  (not 
weighable).  In  order  now  to  obtain  the  pure  ferment,  the  water 
extract  thus  obtained  was  precipitated  with  5  or  6  volumes  of  ethyl 
alcohol,  and  the  precipitate  collected  and  dried  over  sulfuric  acid  in 
a  desiccator.  The  yield  of  pure  laccase  was  so  small,  however,  that 
even  after  a  year  only  about  1  gram  of  the  material  was  obtained. 
The  yield  of  laccase  from  cabbage  was  found  to  be  even  smaller. 

The  pure  laccase  obtained  by  Slowtzoff  was  found  to  give  all  of  the 
reactions  for  protein  and  to  contain  12.8  per  cent  nitrogen  and  0.53 
per  cent  of  sulfur,  and  to  be  very  poor  in  ash.  According  to  this 
author,  it  belongs  to  the  group  of  albumins  and  contains  neither  man- 
ganese nor  phosphorus. 

In  order  to  determine  the  oxidizing  power  of  his  pure  preparation, 
Slowtzoff  made  use  of  Rohmann's  reagent,  viz.,  a  solution  of  para- 
phenylene  diamin  and  meta-toluylene  diamin  in  sodium  carbonate 
solution,  the  quantity  of  coloring  matter  produced  by  the  action  of 
the  ferment  or  other  oxidizing  agent,  such  as  a  ferric  salt,  being  esti- 
mated colorimetrically.  On  the  basis  of  these  observations,  he 
arrived  at  the  following  conclusions  respecting  the  nature  of  laccase 
and  its  mode  of  action: 

( 1)  Laccase  belongs  to  the  group  of  ferments  for  the  reason — 

(a)  That  it  loses  its  activity  at  high  temperatures.     In  this  connection  he  found 

the  thermal  death  point  of  the  ferment  to  vary  with  the  degree  of  purity  of 
the  preparation;  thus  his  purest  preparations  lost  their  activity  at  as  low  a 
temperature  as  50°  C,  whereas  preparations  richer  in  ash  only  lost  their 
activity  at  temperatures  of  from  65°  to  70°  C. 

(b)  The  amount  of  the  substance  oxidized  is  proportional  to  the  square  root  of  the 

quantity  of  laccase  present. 

(c)  The  quantity  of  product  resulting  from  the  action  of  the  ferment  is  propor- 

tional to  the  quantity  of  the  ferment,  but  not  to  the  amount  of  substances 
being  oxidized. 
11G70     Bull.  59—10 5 
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(2)  The  pure  laccase  preparations  were  found  to  act  best  in  weakly  alkaline  solution^;, ' 

as  already  observed  by  Bertrand  and  Bourquelot . 

(3)  Laccase  belongs  to  the  group  of  proteins.     Its  ash  constituent  is  very  small  and 

without  influence  on  its  oxidizing  power. 

(4)  Laccase  is  not  destroyed  by  weak  acids,  nor  by  peptic  or  pancreatic  digestion. 

AXTI-LACCASE. 

According  to  Gessard  ('"M  it  is  possible  to  obtain  a  serum  capable 
of  retarding  the  action  of  laccase  Vjv  the  injection  of  preparations 
containing  this  oxidase  subcutaneously  into  a  rabbit.  In  order  to 
obtain  this  anti-laccase  serum  Gessard  adopted  the  following  mode 
of  procedure:  A  rabbit  weighing  about  two  kilograms  received  at 
intervals  of  five  or  six  hours  apart  six  injections,  each  of  1  gram  of 
laccase  powder  in  10  c.  c.  of  water.  According  to  Bertrand  C^)  this 
represents  about  0.15  gram  of  pure  laccase.  Two  animals  treated  in 
this  manner  gave  a  serum  of  about  the  same  potency.  By  means  of 
guaiacum  and  guaiacol  he  found  that  the  serum  obtained  from  ani- 
mals thus  treated  completely  retards  the  action  of  laccase  when  two 
parts  of  the  serum  by  volume  are  added  to  one  part  by  volume  of  a  2 
per  cent  solution  of  laccase.  On  the  other  hand  normal  serum  and 
anti-t}Tosinase  serum  were  both  found  to  be  without  effect  on  the 
action  of  laccase.  Anti-laccase  prepared  ])y  the  use  of  the  laccase  from 
the  juice  of  the  lac  tree  was  found  to  retard  to  a  degree  at  least  the 
color  reactions  produced  by  an  extract  of  Russida  delicn  on  oxidase 
reagents.  On  the  other  hand  Gessard  0^^-  **")  observed  that  the  anti- 
laccase  obtained  by  the  injection  into  rabbits  of  laccase  from  the  lac 
tree  is  without  retarding  action  on  the  laccase  from  the  ink  gland  of 
the  cuttle  fish.  He  concludes  therefore  that  the  oxidases  do  not  dilTer 
from  other  enzymes  in  their  power  to  give  rise  to  specific  anti-bodies 
in  the  l)lood  serum  of  animals,  whicli  liave  received  a  nuniiier  of  in- 
jections of  the  ferment. 

According  to  Gessard  the  results  of  these  researches  on  anti-lac- 
case and  anti-tyrosinase  are  sufficient  to  prove  the  individuality  of 
these  two  oxidases,  and  serve  to  show  that  the  oxidases  do  not  differ 
from  other  enzymes  in  regard  to  their  power  of  giving  rise  in  the  se- 
rum of  animals  to  substances  which  ojipose  their  action. 

Czapek  (*^"'  "")  has  also  obtained  evidence  of  the  ])rodu<'lion  of  anti- 
oxida.ses  in  plants  which  liindcr  the  oxidation  of  homogentisic  acid, 
and  which  are  produced  in  the  growing  ends  of  roots,  special  sense 
organs,  and  in  fimgi,  as  the  result  of  irritation. 

In  the  light  of  Bach  and  Ohodat's  views  regarding  the  nature  of  the 
oxidases,  the  production  of  anti-bodies  in  the  serum  of  animals  as  the 
result  of  the  repeated  injection  of  oxidases  is  probably  due  to  the 
action  of  the  ])eroxidase  moiety  of  the  oxidase  and  not  to  the  oxy- 
genase, since  of  these  the  former  only  seems  to  possess  the  properties 
of  a  ferment.     Gessard's  work  is  of  such  importance  as  to  warrant 
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confirmation,  especially  in  view  of  the  failure  of  von  Fiirth  and 
Jerusalem  {"^)  to  obtain  evidence  of  anti-tyrosinase,  and  the  whole 
subject  of  anti-oxidases  should  be  reinvestigated  by  means  of  Bach's 
peroxidase. 

TYROSINASE. 

It  has  long  been  known  that  on  exposure  to  the  air  certain  of  the 
higher  fungi  turn  pink  or  red  and  finally  black,  whereas  other  species 
become  blue.  We  have  already  seen  that  the  latter  change  is  due 
to  an  oxidizing  ferment,  laccase.  That  the  reddening  and  final 
blackening  of  other  species  of  mushrooms  is  due  to  the  action  of  a 
specific  oxidase  was  first  suspected  by  Bourquelot  and  Bertrand  (***), 
who  in  1896  pointed  out  the  existence  in  certain  mushrooms,  such  as 
the  Rassulafoetens  Pers.,  of  a  very  active  oxidizing  ferment,  probably 
different  from  laccase.  They  (*^'  '*)  then  showed  that  the  blackening 
of  Russula  nigricans  differs  from  the  bluing  of  Boletus  cyanescens  by 
reason  of  the  fact  that  the  blackening  of  the  crystalline  chromogen 
contained  in  the  former  species  is  not  accomplished  by  the  laccase 
of  the  sap  of  the  lac  tree,  whereas  the  blackening  is  undoubtedly  due 
to  an  oxidation,  as  indicated  by  the  fact  that  if  one  does  not  agitate 
the  aqueous  extract  of  the  fungus  the  blackening  takes  place  first  in 
the  upper  layers  of  the  liquid,  and  during  the  blackening  oxygen  is 
absorbed.  Continuing  these  investigations  Bertrand  ("^)  proved  the 
crystalline  chromogen  of  Russula  nigricans  to  be  tyrosin.  He  also 
found  that  the  beet  root  and  the  tubers  of  the  dahlia  and  potato,  like 
certain  of  the  higher  fungi,  also  redden  and  then  turn  black  on  ex- 
posure to  the  air.  This  change  he  now  definitely  proved  to  be  an 
oxidation  of  tyrosin  by  atmospheric  oxygen  under  the  influence  of  a 
specific  oxidizing  ferment,  to  which  he  gave  the  name  tyrosinase. 
From  the  roots  and  tubers  of  certain  plants,  such  as  the  beet  and 
dahlia,  he  was  able  to  obtain  in  crystalline  condition  as  much  as  0.5 
gram  of  tyrosin  from  one  quart  of  the  expressed  juice,  an  amount 
about  corresponding  to  the  solubility  of  the  compound  in  pure  water. 
The  tyrosin  thus  obtained  was  identified  by  Hoffmann's  or  Piria's 
reactions,  and  its  composition  determined  by  analysis.  He  also 
isolated  tyrosin  from  Russula  nigricans,  and  in  this  connection  Bour- 
quelot and  Harlay  C")  give  a  drawing  of  a  transverse  section  tlu-ough 
the  stipe  of  Russula  nigricans,  showing  the  rosettes  of  tyrosin  crys- 
tals distributed  more  or  less  regularly  throughout  the  tissue  of  the 
fungus.  Bertrand  also  showed  that  the  blackening  of  tvrosin  is  due 
to  an  oxidase  and  that  this  oxidase  differs  from  laccase.  Thus  when 
a  small  amount  of  the  aqueous  extract  of  the  russula,  prepared  in  the 
cold,  and  a  solution  of  tyrosin  were  brought  together,  the  mixture  be- 
came red,  then  inky  black,  and  finally  deposited  a  black  precipitate. 
He  showed  that  oxygen  was  absorbed  at  the  same  time;  this  was 
proved  by  simply  allowing  the  tube  in  which  the  reaction  was  being 
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carried  out  to  remain  quiet,  whereby  these  color  changes  were  first     I 
observed  to  occur  on  the  upper  surface  of  tlie  Hquid.     In  a  vacuum     , 
or  under  a  bell  jar,  resting  in  a  watch  glass  on  the  surface  of  mercury,     • 
the  mixture  acquired  a  faint  rose  tint,  since  it  was  impossible  to  re-     I 
move  all  traces  of  oxygen  therefrc^n,  but  they  showed  no  further     i 
deepening  of  color  no  matter  what  the  duration  of  the  experiment.     I 
With  a  boiled  extract  of  russula  no  change  of  color  was  observed.     A     | 
repetition  of  these  experiments  on  the  boiled  juice  of  the  beet,  or  with     j 
tyrosin  of  animal  origin  (from  the  horse),  or  of  vegetable  origin  (from     i 
the  dahlia  or  russula),  or  with  the  oxidase  obtained  from  the  beet  or  the     i 
dahlia,  always  led  to  the  same  results.     Finally,  in  order  to  prove  that 
the  oxidation  of  tyrosin  could  not  be  accomplished  by  laccase,  the  fol- 
lowing experiment  was  carried  out:  A  certain  amount  of  extract  of 
russula  was  introduced  into  a  vacuous  flask,  and  then  some  tyrosin 
added.     The  flask  containing    these  substances  was    then    allowed 
to  stand  for  twenty-four  hours,  at  the  end  of  which  time  no  change 
of  color  had  occurred.     The  contents  of  the  flask  were  then  lieated 
to  100°  C.  for  ten  minutes  in  order  to  destroy  all  enzyme  action.     The 
flask  was  then  opened  and  its  contents  exposed  to  the  action  of  the 
air,  but  the  tyrosin  remained  unaltered  even  after  the  addition  of 
ordinary  laccase.     Hence  the  blackening  of  tyrosin  is  not  due  to  the 
successive  action  of  two  ferments  but  solely  to  that  of  tyrosinase  in 
the  presence  of  oxygen.     He  then  points  out  that  independently  of 
their  special  interest,  these  observations  go  to  show  that  lacca.se  is 
not  the  only  oxidizing  ferment  existing  in  the  vegetable  world  but 
that  on  the  contrar}',  it  should  be  regarded  as  a  type  of  a  series  of 
analogous  substances  to  which  he  liad  already  given  the  generic  name 
of  oxydases.     (See  p.  54.) 

While  perhaps  not  so  widely  distributed  in  nature  as  laccase.  tyro- 
sinase has  been  found  in  a  large  nund)er  of  plants  and  animal  species. 
Bourquelot  and  Bertrand  ("•  ****-  ^°)  found  it  in  a  large  number  of 
fungi,  and  also  in  phenogams.  According  to  Lehmann  C^"")  and 
T^elunann  and  Sano  (^"*)  tyrosinase  is  found  in  a  number  of  species  of 
bacteria,  notabl}'  in  B.  Jluorescens  nonliqiufaciens,  and  also  in  B. 
2>liosj)lioresce7is,  B.  jyutridens,  and  Actinomyces  cliromogens.  As  a 
general  thing,  wherever  we  find  tyrosinase  in  plant  tissues,  we  are 
apt  to  find  laccase.  The  conver.se  of  this,  however,  does  not  hold 
generally — that  is,  we  do  not  find  tyrosinase  wherever  we  find  lac- 
case. For  examj^le,  in  linssrila  delica,  Ldctariiis  ji'iixrafits,  and  in  the 
tubers  of  the  dahlia  and  potato,  we  fuul  both  tyrosinase  and  lacca.se, 
whereas  in  the  silk  of  the  green  corn  (Zea  mays)  we  find  laccase  but 
no  tyrosinase. 

Tyro.sinaso  is  also  widely  distril)uted  in  I  he  animal  kingdom, 
where  it  j)lays  an  essential  r61e  in  the  formation  of  animal  |)ignicnt 
{ni(l(niogej)esis).  The  following  arc  thejnore  im|)ortant  investigations 
bearing    on    this    ])oint :  The    black«Miing    (melanose)    of    the    blood 
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(hemolymph)  of  certain  insects  was  made  the  subject  of  an  investiga- 
tion by  Krukenberg  C'')  and  also  by  Fredericq  C")  as  early  as  1881. 
According  to  Fredericq,  oxygen  was  responsible  for  this  change  of 
color,  whereas,  according  to  Krukenberg,  it  was  probably  due  to 
carbon  dioxide.  Fredericq  also  made  the  interesting  observation 
that  the  blood  obtained  from  insects  which  previous  to  bleeding  had 
been  heated  to  50-55°  C.  for  fifteen  minutes,  showed  no  blackening 
on  exposure  to  the  air.  Dewitz  {^^^)  has  also  sho^vn  that  an  oxidase, 
the  precise  nature  of  which  was  not  investigated,  plays  an  essential 
role  in  the  metamorphosis  of  certain  insects.  As  is  well  known,  the 
larvae  of  the  fly  are  white  during  the  entire  life  of  this  phase  of  the 
insect,  and  only  at  the  moment  of  the  formation  of  the  pupa  does  any 
change  of  color  take  place.  This  color  change  begins  in  the  abdominal 
cavity  as  two  large  colored  spots. 

Biedermann  (")  seems  to  have  been  the  fu-st  to  obtain  evidence  of 
tyrosinase  of  animal  origin.  In  his  experiments  the  middle  intestme 
{MitteUdrme)  of  three  or  four  starving  meal  worms  (Tenehria  molitor) 
were  placed  in  chloroform  water.  The  hght  yellowish  solution  thus 
obtained  was  divided  into  two  portions.  To  one  portion  a  few  drops 
of  a  solution  of  tyrosin  was  added,  and  both  were  kept  over  night  in 
open  watch  glasses  in  a  moist  chamber.  The  portion  containing  the 
tyrosin  had  become  violet  black  in  color,  whereas  the  portion  to  wliich 
no  tyrosin  had  been  added  was  only  slightly  darkened. 

Von  Fiirth  and  Schneider  Q'^)  have  also  made  important  contribu- 
tions to   our  knowledge  of  animal  tyrosmase  and  its  relation  to 
animal  pigmentation.     The  pupae  of  the  butterfly,  chiefly  of  the 
species  DeicipMla  elpenor  and  eupJiorhiae,  furnished  the  material  for 
their   investigations.     By    careful   puncture    and   squeezing,    about 
one  cubic  centimeter  of  a  clear,  bright  greenish-colored  fluid  was 
obtained  from  each  pupa.     This  was  the  hemolymph,  called  for  the 
sake  of  brevity  the  hlood  of  the  insect.     On  standing  a  few  moments 
in  the  air  this  fluid  began  to  darken  on  the  upper  surface,  and  after 
a  time  a  black  clot  separated.     On  the  other  hand,  if  the  proteid  of 
the  fresh  blood  be  removed  by  boiling,  it  shows  none  of  these  color 
changes  on  standing  in  the  air.     AMien  dried  in  vacuo  over  sulfuric 
acid,  no  change  of  color  in  the  blood  was  observed.     Wlien  a  few 
drops  of  the  fresh  blood  was  added  to  a  few  cubic  centimeters  of  a 
fresh  solution  of  tyrosin,  there  appeared  on  the  upper  surface  of  the 
solution  a  violet-colored  ring;  this  color  gradually  spreads  through 
the  solution  until  the  whole  of  it  is  colored  a  dark  violet,  and  is  turl)id 
through  the  separation  of  a  fine  and  coarse  flocculent  precipitate.     On 
the  other  hand,  two  drops  of  the  fresh  blood  added  to  water  gave  a 
solution  which  showed  none  of  the  color  changes,  but  ultimately  gave 
a  precipitate  scarcely  darker  in  color  than  that  of  the  fresh  blood. 
The  diluted  blood  gave  with  tincture  of  guaiacum  a  dirty,  dark 
bluish-green  color  after  long  standing,  and  also  a  positive  reaction 
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with  Spitzer's  para-phenylenediamin-n'-naphthol  reagent.  It  is 
therefore  evident  from  these  observations  that  the  l)Iood  of  these 
lepidoptera  contains  oxidases  having  the  power  of  oxidizing  guaiaciim, 
Spitzer's  reagent,  t^Tosin,  and  the  chromogen  of  the  blood  itself. 
Attempts  to  purif}"  the  tyrosinase  of  the  blood  of  lepidoptera  by 
precipitation  with  uranyl  acetate  according  to  Jacob}"  (-^^)  failed. 
Von  Fiirth  and  Schneider  were  able  to  separate  it  from  the  chro- 
mogen and  from  the  crystalline  substances  of  the  blood  by  frac- 
tional precipitation  with  ammonium  sulfate.  The  ferment  thus 
purified  gave  with  tyrosin  a  violet-colored  solution,  which  after  a 
short  time  became  dark  violet  and  finally  black.  It  was  also  found 
to  produce  coloring  matter  with  pyrocatechin  (yellowish  red)  and 
hydro((uinone  (red  solution  becoming  turbid  and  finally  showing  a 
considerable  brown  precipitate);  a  carmine-red  solution  of  an  iron 
compound  of  suprarenin,  the  blood-pressure-raising  compound  of  the 
suprarenals,  became  dirty  bro^^^l  in  color,  whereas  the  control  experi- 
ment showed  no  alteration.  Oxyj^henyl-ethji  amin  (Emerson) 
became  yellowish  brown  and  gave  finally  an  olive-colored  precipitate. 
On  the  other  hand,  it  was  found  to  have  no  action  upon  casein,  indi- 
cating that  the  ferment  is  powerless  to  act  on  the  tyrosin  residues 
contained  in  proteid  molecule.  The  nature  of  the  black  substance 
produced  by  the  action  of  the  tyrosinase  of  Icjndoptera  on  tyrosin  was 
also  studied.  Ten  to  twenty  c.  c.  of  a  freshly  prepared  solution  of  the 
ferment,  obtained  from  the  Ij^mph  of  from  twenty  to  forty  Deiciphila 
pupae,  was  brought  together  with  a  few  decigrams  of  finely  pulverized 
tyrosin  and  shaken  vigorously  in  a  shaking  machine  for  four  to  six 
hours.  In  a  short  time  the  characteristic  violet  coloration  appeared 
in  the  solution,  and  after  a  time  a  considerable  black  precipitate  sep- 
arated, leaving  the  supernatant  fluid  clear  and  colorless.,  With  fresh 
quantities  of  tyrosin  this  gave  no  further  coloration.  This  material 
was  then  filtered  off  and  waslied  with  wnter.  then  with  dilute  hydro- 
chloric acid,  then  with  hot  water  until  chlorine  free,  and  finally  with 
alcohol  and  ether  and  dried  to  constant  weight  at  110°  C.  This  black 
substance  was  found  to  be  insolubU^  in  water,  alcohol,  other,  and  the 
common  organic  solvents  and  in  dilute  alkalis  at  roojn  tem]>eratur('s 
and  in  strong  boiling  hydrochloric  acid.  A  small  quantity  of  it 
melted  with  the  purest  sodium  hydroxide  from  sodium  gave  rise  to 
an  unmistakable  odor  of  indol  and  skatol.  On  analysis  it  gave  the 
following  numbers: 

I'er  cent. 

C 55.44 

n 4.  45 

N 13.  74 

corresponding  to  the  following  atomic  ratios: 
N:  11: 0=1:4.55:4.77, 
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which  is  essentially  the  same  as  that  obtained  by  Hofmeister  for  a 
whole  series  of  pigments  ordinarily  called  Melanine,  to  which  belong 
the  dark  pigment  of  the  hair,  and  of  the  skin,  the  choroid  coat,  mela- 
notic tumors,  sepia  black,  and  certain  split  products  of  proteids,  such 
as  Schmiedeberg's  melanine  acid  (melanin  saure).  In  its  physical 
properties,  solubility,  etc.,  and  in  its  tendency  to  yield  substances 
having  a  skatol-like  odor,  on  melting  with  alkali,  it  agrees  closely  with 
the  melanins,  and  with  a  pigment  obtained  by  Ducceschi  ("«)  by 
oxidizing  tyrosin  with  potassium  chlorate  in  hydrochloric  acid  solu- 
tion. For  other  analyses  of  the  black  pigment  of  hair  and  feathers, 
see  Hodgkinson  and  Sorby  {-'^) . 

According  to  these  authors  (von  Fiirth  and  Schneider)  tyrosinase 
in  its  occurrence  in  the  animal  kingdom  is  by  no  means  limited  to  the 
insects.     They  have  also  obtained  it  from  the  blood  of  the  craw^sh 
{Flusskrebse) ,  and  by  refined  methods  it  would  doubtless  be  possible  to 
recognize  tyrosinase  in  the  most  widely  differing  classes  of  annuals. 
Acting  upon  their  suggestion,  Przibram,  of  the  zoological  station  at 
Trieste,  found   tyrosinase    in   the   ink  sac   of   the   cuttlefish,  Sefia 
officinalis.     An  extract  of  the  washed  epithelial  lining  of  the  sac  gave 
with  a  solution  of  tyrosin  first  a  very  beautiful  orange-yellow  color, 
changmg  to  sepia  brown,  and  finally  yielding  a    black  precipitate. 
Von  Fiirth  and  Schneider  are  therefore  of  the  opinion  that  prob- 
ably wherever    melanotic    pigments    occur    in    the    living    tissues 
of  the  lower  and  higher  animals  they  originate  as  the  result  of  the 
action  of  appropriate  enzymes  on  substances  of  aromatic  nature. 
They  point  out  in  this  connection  that  Salkowski  and  Jacoby  have 
shown  independently  that  tyrosin  results  from  the  autolysis  of  various 
animal  tissues.     It  would  seem  likely  therefore  that  in  the  formation 
of  melanotic  pigments  two  ferments  are  jointly  concerned,  one,  an 
autolytic  ferment  capable  of  splitting  off  tyrosin  or  a  similar  aromatic 
complex  from  the  protein  molecule,  and  the  other  tyrosinase,  which 
transforms  the  tyrosin  into  melanin.     To  determine  whether  tyro- 
sinase occurs  in  melanotic  tumors  oifers  an  interesting  and  important 
field  for  further  investigation. 

Gessard  C')  has  obtained  tyrosinase  from  the  glands  of  the  ink  sac 
of  the  cuttlefish  (Seiches)  and  calamary  (Calmar),  and  in  1904  this 
same  author  {'"")  showed  that  the  coloration  of  the  integument  of  the 
green  fly  (Lucilia  Caesar  L.)  is  due  to  the  action  of  tyrosinase.  The 
larva?,  of  the  fly  are  white,  and  from  them  this  author  was  able  to 
obtain  tyrosin  in  crystafline  condition,  as  well  as  to  demonstrate  the 
presence  of  tyrosinase.  In  the  course  of  their  metamorphoses  these 
larvae  exhibit  a  succession  of  colors  similar  to  those  shown  by  a  solu- 
tion of  tyrosin  when  acted  on  by  tyrosinase,  until  finally  the  insect 
attains  the  full  iridescent  green  color  of  the  fly.  When  the  white 
pupae  are  kept  in  a  vacuum  the  ferment  is  inactive  and  they  remain 
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white.  These  facts  serve  to  corroborate  the  hypothesis  that  tyro- 
sinase is  responsible  for  the  production  of  cutaneous  pigments  in  man 
and  animals. 

In  order  to  demonstrate  the  presence  of  t}Tosina.se,  the  ink  sac 
(glande  du  noir)  of  the  cuttle  fish  was  removed  and  maceratetl  with 
chloroform  water  and  filtered  tlirough  a  Chamberland  filter.  Under  \ 
these  conditions  the  fine  granules  of  pigment  are  retained  by  the 
filter  and  a  clear  solution  of  the  ferment  is  obtained  which  exhibits 
the  same  color  changes  with  tyrosin  as  is  shown  by  an  extract  of. 
russula.  Gessard  was  also  able  to  demonstrate  the  presence  of  tyro- 
sinase in  the  commercial  product  known  as  sepia  euvessie — crude  sepia. 
This  is  simply  the  dried  gland  with  its  contents  and  is  employed  in  the 
preparation  of  the  refined  coloring  matter  of  the  same  name,  sepia. 
In  the  course  of  this  investigation  he  also  showed  that  the  anti-tyro- 
sinase  serum  C^"-)  obtained  by  the  repeated  injection  of  a  rabbit  with 
vegetable  tyrosinase  is  powerless  to  hinder  the  action  of  the  animal 
tyrosinase  on  tyrosin,  indicating  that,  despite  the  similarity  of  the 
two  varieties  of  twosinase  in  their  action  on  tyrosin,  they  are  not 
precisely  alike  in  all  respects.     (See  also  Gessard,  ^^.) 

Similarly  in  his  studies  on  the  formation  of  the  melanotic  pigments 
in  tumors  of  the  horse,  this  author  ('«■•)  calls  attention  to  the  fact  that 
a  general  chemical  and  physical  relationship  has  long  been  recognized 
as  existing  between  the  black  pigments  of  the  eye  and  skin  and  that 
of  the  cuttle  fish  (Seicli)  and  other  molluscs.  It  is  quite  likely,  there-  I 
fore,  that  our  knowledge  of  the  formation  of  this  pigment  in  the  case  ' 
of  the  cephalopods  will  hold  equally  well  for  its  production  in  other 
animals.  The  abnormal  production  of  melanotic  pigments  in  healtliv 
or  diseased  tissues  of  man  is  rare,  but  more  common  in  those  of  the 
horse,  in  which  case  its  production  is  of  less  formi(hil)l(>  significance. 
Melanotic  tumors  are  especially  common  on  the  white  horse,  and 
these  furnished  the  material  for  Gessard "s  investigations.  He  has 
found  that  in  the  production  of  the  melanotic  pigment  of  such  tumors 
the  same  agencies  are  at  work  as  in  its  production  in  the  ink  sac  of  I 
the  cuttlefish,  viz,  a  chromogen  and  an  oxidizing  ferment.  From 
such  tumors  he  was  able  to  obtain  t\Tosin  by  aj)propriate  methods,  in 
crystalline  condition,  and  aqueous  extracts  thereof  were  found  to  give 
with  tyrosin  the  color  changes  characteristic  of  tyrosinase".  The 
author  concludes  therefore  that  tyrosin  is  (lie  chromogen  whose 
oxichition  by  tyrosinase  gives  rise  to  the  pigment  in  melanotic  tumors 
and  wherever  else  such  j)ignients  arc  met  with  in  the  aninud  economy. 
He  is  also  of  the  opinion  thiit  (li(>  color  of  (he  negro  is  due  to  the 
reaction  which  gives  rise  to  production  of  the  iid<  of  the  cuttle  (ish 
(S(>iche)  and  the  l)iack  i)igment  of  mushrooms.  While  such  is  doubt- 
less the  ca.se,  we  are  still  a  long  way  from  an  understanding  of  the 
physiological  cause   which  gives  rise  to  tyrosinnse  in   th(>  epi(l(>rmal 
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tissues  of  the  negro  and  the  lack  of  its  general  production  in  the 
epidermal  tissues  of  the  white  races  under  normal  conditions.  The 
fact,  however,  that  melanotic  pigments  are  formed  over  limited  areas 
in  the  dermal  structures  of  white-skinned  races  indicates  that  the 
same  causes  of  pigmentation  may  be  operative  in  all  races  to  a  greater 
or  less  degree  and  serves  to  emphasize  the  unportance  of  further 
studies  on  the  mode  of  action  of  tyrosinase  and  its  mode  of  origin  in 
animal  tissues. 

The  occurrence  of  tyrosinase  in  the  skins  of  certain  pigmented 
vertebrates  has  been  investigated  by  Miss  Florence  M.  Durham  C"). 
Aqueous  extracts  of  the  skins  of  rabbits,  rats,  guinea  pigs,  and  chickens 
in  the  foetal  stage  of  development,  containing  small  amounts  of  fer- 
rous sulfate,  were  found  to  act  upon  tyrosin  with  the  production  of 
pigments  similar  in  tint  to  those  characteristic  of  the  coat  of  the  ani- 
mal. Thus  black  pigments  were  formed  with  extracts  of  the  skins 
of  black-pigmented  animals,  and  yellowish  pigments  with  those  of 
the  skins  of  animals  containing  orange-colored  pigments,  and  \nth 
extracts  of  the  skins  of  white  or  albino  animals  no  pigments  were 
formed  by  the  action  of  an  extract  of  the  skin  on  tyrosin.  The  tyrosin- 
ase present  in  the  skins  of  animals  was  found  to  act  most  rapidly  at 
37°  C.  It  is  destroyed  by  boiling  and  does  not  act  in  the  cold.  From 
one  to  ten  days  were  required  for  the  production  of  the  pigment  in 
vitro.  Another  peculiarity  of  the  tyrosinase  contained  in  the  skins 
of  animals  is  that  it  only  acts  upon  tyrosin  in  the  presence  of  small 
amounts  of  iron. 

Phisalix  (''0  has  obtained  tyrosinase  from  the  skin  of  the  green 
frog,  and  Gessard  C««)  has  found  it  in  the  skins  of  frogs  of  other  spe- 
cies, such  as  the  frog  rousse  and  the  common  toad.  More  recently 
PhisahxC'2)  has  investigated  the  color  changes  occurring  in  the 
larvae  of  the  cockroach  (Phyllodromia  germanica).  Immediately 
after  hatching  from  the  egg  the  integument  of  the  larva  is  soft  and 
bright  white  in  color.  In  the  course  of  a  short  time,  however,  it  be- 
comes grey,  then  brown,  and  finally  black,  so  that  three  hours  after 
hatching  the  little  cockroach  is  entirely  black.  According  to  this 
author  this  change  of  color  is  the  result  of  the  action  of  tyrosinase 
on  tyrosin,  both  of  which  occur  in  the  embryo  at  the  moment  of  its 
development;  indeed,  it  is  probable  that  they  are  both  present  in  the 
egg  in  wliich  they  are  deposited  at  the  time  of  ovagenesis. 

Still  more  recently  a  very  valuable  contribution  to  our  knowledge 
of  melanotic  pigments  and  fermentative  melanine  formation  has  been 
made  by  Von  Fiirth  and  Jerusalem  C^«).  These  authors  have  com- 
pared hippomelanin  (the  black  pigment  produced  in  tumors  of  the 
horse)  with  other  natural  and  artificial  melanins,  both  as  to  mode 
of  formation  and  general  physical  and  chemical  properties.  They 
found  hippomelanin  to  be  iron  free  and  are  inclined  to  look  upon  its 
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sulfur  content  as  of  accessory  nature.  In  its  physical  properties,  o-en- 
eral  chemical  conduct,  and  decomposition  products,  hippomelanin 
shows  a  close  resemblance  to  the  artificial  melanin  produced  by  the 
action  of  tyrosinase  on  tyrosin,  whereas  it  differs  in  certain  respects  from 
other  melanins  and  epidermal  pigments  and  the  pigment  phymatorhusin 
of  malignant  melanotic  tumors.  Up  to  the  present,  according  to 
these  authors,  the  chemical  investigation  of  hijipomelanin  has  dis- 
closed no  fact  at  variance  with  the  well-established  hypothesis  of  the 
fermentative  origin  of  melanin  as  the  result  of  the  action  of  tyrosinase 
on  the  cyclic  complexes  resulting  from  the  degradation  of  the  protein 
molecule. 

The  principal  sources  of  vegetable  tyrosinase  are  certain  of  the 
higher  fungi,  especially  many  si)ecies  of  russula,  such  as  the  Bussiih 
delica  (Bourquelot  and  Bertrand,  ("•  «»-  «»),  Agaricus  melleus  and 
AgaricuscamiJestris{\on¥mi\\  and  Jerusalem,  ^^s)^  and  wheat  bran 
(Bertrand  and  Mutermilch,  ''•^).  The  ink  sac  of  the  cuttle  fish 
{Seyia  officinalis)  and  the  hemolymph  of  the  pupje  of  Deicipldla 
euphorhisR  C*™,  p.  161)  are  the  chief  sources  of  animal  tyrosinase. 
In  order  to  obtain  a  solution  of  tyrosinase  from  Rus\<iula  (lelica  it  is 
only  necessary  to  macerate  the  fresh  fungus  with  chloroform  water 
or  with  glycerin,  or,  as  recommended  by  Bach  {•'),  the  tyrosinase  of 
Russula  delica  msiy  be  precipitated  from  the  aqueous  extract  of  the 
fungus  by  means  of  96  i)er  cent  alcohol.  Young,  sound  fungi  are 
ground  in  a  sausage  machine  and  300  c.  c.  of  the  clear  expressed  juice 
is  poured  into  1.5  hters  of  96  per  cent  alcohol.  The  iircci|)itatc  thus 
formed  is  filtered  off  by  means  of  a  liher  pump,  washed  with  alcohol, 
and  dried  in  vacuo  over  calcium  chloride.  The  dried  prc(ij)i(at(>  is 
now  mixed  with  300  c.  c.  of  water,  whereby  only  a  small  amount  of  ( he 
material  goes  into  solution.  The  mixture  is  tJien  Jilterod,  an  entirelv 
colorless  solution  of  tyrosinase  being  obtained. 

In  this  connection  Bach  C")  has  observed  that  the  activity  of  the 
tyrosinase  solutions  depends  on  the  age  and  state  of  preservation  of 
the  fungus.  Thus  from  three  lots  of  the  fungus  (I,  young,  unblem- 
ished fungi;  II,  older,  more  or  less  injured  fungi;  and  III,  j)utri(l 
fungi)  he  obtained  a(|ueous  extracts,  equal  amounts  of  which  acliuLr 
on  the  same  quantities  of  tyrosin.  r(M|uirod  the  following  (|uan(iti("s 
of  0.002  N.  i)ermanganate: 

I.  n.  III. 

87.8  c.  c.  I;{.(1  c.  c.         .S.3  c.  c. 

The  residue  was  then  dried  in  \  jk  no  or  at  once  (lissolv(>d  in  100  c.  c. 
of  chloroform  water,  in  which  cas(^  it  was  used  at  once,  since  aipieous 
solutions  of  the  ferment  arc  very  unstable.  By  this  mode  of  prej)ara- 
tion  the  tyrosinase  is  separated  from  the  catalase  which  the  fresh 
acjueous  extracts  of  this  fungus  contain.     The.se  authors  have  found 
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that  tyrosinase  is  easily  destroyed  or  rendered  inactive  by  alcohol, 
and  hence  if  the  ferment  is  prepared  by  this  method  it  is  necessary 
to  filter  off  the  alcohol  as  soon  as  practicable. 

In  order  to  prepare  tyrosinase  from  the  ink  sac  of  the  cuttle  fish, 
Gessard  C**)  macerated  the  ink  sac  with  chloroform  water  and  filtered 
through  a  Chamberland  filter.  A  clear  solution  was  thus  obtained 
whichV^es  with  tyrosin  the  same  color  changes  as  those  shown  \nth 
an  aqueous  extract  of  Russula  delica.  In  the  preparation  of  the  animal 
tyrosinase  employed  in  their  latest  investigations  Von  Fiirth  and 
Jerusalem  {''^^)  employed  the  hemolymph  of  the  pupae  of  DeicipUla 
euphorhiae.  This  was  half-saturated  ^nth  ammonium  sulfate,  and 
the  \Nashed  and  pressed  precipitate  thus  obtained  dissolved  in  0.04 
per  cent  soda  solution.     This  solution  exhibited  strong  tyrosinase 

reactions. 

In  order  to  obtain  the  ferment  from  wheat  bran,  Bertrand  and 
Mutermilch C^')  recommend  the  following  method:  One  part  of  wheat 
bran  is  mixed  with  four  parts  of  water  and  the  mixture  allowed  to 
stand  for  several  hours.  The  mixture  is  then  centrifugalized,  and  the 
solution  thus  obtained  is  mixed  with  three  volumes  of  95  per  cent 
alcohol  and  again  centrifugalized.  The  precipitate  is  then  washed 
with  80  per  cent  alcohol,  mixed  with  distilled  water,  and  again  cen- 
trifugalized. The  solution  thus  obtained  is  then  mixed  with  three  to 
four  Umes  its  volume  of  alcohol,  and  the  precipitate  thus  formed  is 
collected,  washed  with  strong  alcohol,  and  dried  in  vacuo  over  sul- 
furic acid.  The  substance  thus  obtained,  the  yield  of  which  is  about 
0.8  per  cent,  contains  no  laccase.  On  the  other  hand,  when  dissolved 
in  water  and  filtered  through  a  Chamberland  filter,  a  clear  solution  is 
obtained  which  of  itself  undergoes  no  alteration  on  exposure  to  the 
air.  On  the  addition  of  small  amounts  of  tyrosin,  however,  it  passes 
rapidly  through  a  succession  of  colors— rose,  cherry  red,  and  finally, 
brownish  black.  On  the  other  hand,  if  all  gaseous  and  dissolved 
oxygen  be  removed,  or  if  the  filtered  solution  be  heated  to  100°  C. 
for  five  minutes,  no  coloration  with  tyrosin  is  observed. 

In  the  preparation  of  vegetable  tyrosinase  from  Agaricus  meUeus, 
Von  Fiirth  and  Jerusalem  C^«)  rubbed  up  two  kilograms  of  the  fungus 
with  sand,  and  extracted  the  mass  with  two  liters  of  chloroform  water. 
After  two  or  three  hours  the  supernatant  liquid  was  poured  off  and 
mixed  with  twice  its  volume  of  96  per  cent  alcohol.  The  precipitate 
was  filtered  off  on  raw  silk. 

All  observers  seem  to  be  agreed  that  tyrosinase  is  a  true  enzyme. 
Thus  it  appears  to  conform  to  Portier'se^")  definition  of  an  oxidizing 
ferment,  according  to  which,  first,  gaseous  or  dissolved  oxygen  is 
necessary  for  its  action;  second,  its  action  is  accompanied  by  a 
notable  absorption  of  oxygen;  third,  it  is  destroyed  by  heat;  and, 
fourth,  it  is  nondialyzable. 
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Miss  Durham  (*")  found  that  after  filtering  off  the  pigment  pro- 
duced by  their  action  upon  tjTosin,  the  preparations  of  animal  tyro- 
sinase could  act  upon  fresh  portions  of  tyrosin.  According  to  Ber- 
trand(*^)  tyrosinase  is  more  easily  destroyed  by  heat  than  laccase; 
thus  he  found  the  former  to  be  destroyed  in  twelve  minutes  at 
60-70°  C,  whereas  laccase  withstood  this  temperature  for  twenty 
hours.  Gessard  (*^^)  found  tyrosinase  to  be  almost  destroyed  by 
heating  to  65°  C.  for  tliirty  seconds.  Chodat  and  Staub  ("")  observed 
the  activity  of  tyrosinase  to  increase  with  a  rise  of  temperature  to 
61°  C,  and  to  become  inactive  at  61  °  C.  Advantage  has  been  taken 
of  this  difference  in  the  stability  of  tyrosinase  and  laccase  toward 
heat  in  the  separation  of  the  two  enzymes,  and  tends  to  show  that 
these  two  oxidases  are  different  ferments.  Thus  Bussuh  dtlica  con- 
tains both  tyrosinase  and  laccase.  If  now,  according  to  Bertrand  ('^) 
the  fungus  be  macerated  with  its  own  weight  of  chloroform  water  and 
the  liquid  thus  obtained  be  treated  with  alcohol  in  the  pro])ortion  of 
three  volumes  of  alcohol  to  two  volumes  of  extract,  a  precipitate  is 
obtained  which  gives  the  reactions  of  tjTOsinase.  If  now  the  filtrate 
be  evaporated  at  50°  C.  to  one-tenth  of  its  original  volume,  it  will  be 
found  to  act  energetically  on  hydroquinone  and  pyrogallol,  but  to  be 
without  action  on  tyrosin.  In  other  words,  the  filtrate  that  has  been 
subjected  to  a  temperature  of  50°  C.  for  some  time  still  contains 
laccase,  but  no  tyrosinase.  Similarly  Bach  (^*)  has  obtained  laccase 
free  from  tyrosinase  from  the  fungus  Lactarius  I'eUereus  by  heating 
to  75°  C.  Miss  Willcock  (^'^^)  has  shown  that  tyrosinase  is  not  killed 
by  the  radium  emanation. 

Kastle  has  observed  that  glycerin  extracts  of  Lactarius  inperalus 
and  Lactarius  volumen  oxidize  tyrosin  strongly  after  liaving  been 
kept  four  3^ears  in  glass-stoppered  bottles  under  ordinary  laboratory 
conditions. 

Like  many  other  enzymes,  tyrosinase  is  sensitive  to  the  action  of 
acids,  alkalies,  salts,  and  certain  poisons  like  hydrocyanic  acid. 
Thus  Wolff  (*^'')  finds  that  the  tyrosinase  from  Russula  dclica  is  most 
active  on  tyrosin  when  the  solutions  are  neutral  to  i)henoli)hthalein. 
Similarly  Abderhaklen  and  Guggenheim  (')  find  that  N/100  iiydro- 
chloric  acid  inhibits  the  action  of  tyrosinase,  and  that  N/100  sodium 
hydroxide  retards  it  considerably.  After  treatment  with  acid  or 
alkali,  neutralization  of  the  acid  or  alkali  fails  to  restore  it  to  its 
original  activity,  indicating  that  the  ferment  is  actually  destroyed 
under  these  conditions.  Gessard  (i**-)  found  that  while  salts  of  the 
metals  promote  the  coagulation  of  the  black  pigment,  they  hinder 
the  development  of  the  initial  coloration,  tlie  retardation  being  pro- 
portional to  the  f|uantity  of  salt  present.  Xeutral  salts  were  found 
to  j)ro(lu((^  a  rctnrdatiou  ranging  from  twenty-three  minutes  to  nine 
days,    and    alkaline   (  .irlxtnates   prevented   the   develo])ment   of   the 
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color  for  seventeen  days.     Even  egg  albumin  and  blood  serum  were 
found  to  retard  the  action  of  the  ferment. 

The  changes  of  color  produced  by  the  action  of  tyrosinase  on 
tyrosin  have  been  carefully  studied  by  Gessard  (^^^) .     According  to 
this  author,  when  tyrosinase  is  added  to  an  aqueous  solution  of 
tyrosin,  oxygen  is  absorbed  and  the  liquid  takes  on  a  rose  color  which 
gradually  becomes  reddish  yellow,  rapidly  changing  to  mahogany 
red  and  then  to  garnet.     He  also  observed  the  most  marked  colora- 
tion in  the  upper  layers  of  the  liquid,  due  to  immediate  contact  with 
the  air.     Continuing  these  studies,  Gessard  Q^^)  observed  the  colora- 
tion of  tyrosin  by  tyrosinase  to  consist  of  two  distinct  phases,  the 
first  of  which  alone,  viz,  the  change  to  rose  and  then  to  red,  is,  accord- 
ing to  this  author,   attributable  to  the  ferment.     After  a  certain 
interval,  depending  on  general  conditions,  the  solutions  acquire  a 
violet  color,  and  finally  yield  a  black  precipitate  (melanine),  leaving 
the  supernatant  fluid  perfectly  colorless.     TVlien,  for  example,  the 
red  liquid  resulting  from  the  action  of  tyrosinase  upon  tyrosin  is 
exposed  to  a  vacuum,  it  slowly  becomes  colorless.     Now,  on  expo- 
sure to  the  air,  the  decolorized  solution  acquires  a  violet  instead  of  a 
red   color.     Hence,    a  new   substance   has    been   produced    by   the 
reduction  of  the  first  substance  in  the  vacuum,  from  which  the  fu-st 
substance  apparently  can  not  be  regenerated.     The  substance  thus 
obtained  by  exposing  the  reddened  solutions  of  tyrosin  to  a  vacuum 
has  been  found  to  be  very  oxidizable  and  is  characterized  by  its 
yielding  a  violet  solution  on  oxidation,  the  coloring  matter  showing 
a  great  tendency   to  separate  from  the  solution  in  the  form  of  a  black 
precipitate.     The  production  of  the  violet  compound  as  the  result 
of  the  action  of  tyrosinase  on  tyrosin  is  also  facilitated  by  the  presence 
of  certain  salts,  a  fact  which  would  probably  explain  the  production 
of  the  black  compound  under  natural  conditions. 

Aside  from  the  fact  that  melanines  are  formed  by  the  oxidation  of 
tyrosin  through  the  agency  of  tyrosinase,  but  little  is  known  as  to  the 
precise  mechanism  of  the  process.  According  to  Gonnermann  C^') , 
homogentisic  acid,  hydroquinone-acetic  acid — 

/(OH), 
\CH2COOH 

is  the  principal  product  resulting  from  the  action  of  tyrosinase  on 
tyrosin  in  the  presence  of  oxygen.  According  to  this  author,  tyro- 
sinase is  not  an  oxidizing  but  a  hydrolytic  ferment,  and  his  conception 
of  the  process  is  that  the  homogentisic  acid  produced  by  the  action  of 
tyrosinase  on  tyrosin  in  the  presence  of  air  results  from  the  spon- 
taneous oxidation  of  an  unknown  product  of  the  hydrolysis  of  tyrosin 
by  tyrosinase  and  not  from  the  direct  oxidation  of  the  tyrosin,  through 
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the  agency  of  the  ferment.  This  view  of  the  mode  of  action  of  tyro- 
sinase has  recently  been  disproved  by  Bach  (^'^),  who  has  shown  that 
tyrosinase  does  not  produce  black  pigments  from  mixtures  containing 
such  substances  as  might  })e  produced  by  the  hydroh'sis  of  tyrosin, 
such  as  phenol +  d  +  l  serin,  hydroquinone  +  alanin,  p-cresol +oxya- 
mino-acetic  acid,  and  p-oxv-benz3'l  alcohol +  glycocolI. 

Gonnermann's  hypothesis  respecting  the  mode  of  action  of  tyrosi- 
nase has  also  been  refuted  by  Chodat  and  Staub  ("').  The  results  of 
their  experiments  in  an  atmosphere  of  carbon  dioxide  show  clearly 
that  oxygen  is  required  for  the  process  and  that  the  action  of  the 
ferment  is  not  simply  the  production  of  an  easily  oxidizable  substance 
by  the  hydrolysis  of  tyrosin. 

We  have  seen  that  according  to  Gessard  C^'-  '^«),  the  action  of  tyro- 
sinase on  tyrosin  consists  of  two  distinct  processes,  first,  the  oxidation 
of  tyrosin  to  a  red  substance,  and,  second,  the  condensation  of  the  red 
substance  to  a  black  product  (melanine).  The  oxidation  can  be 
accomplished  either  b}"  tyrosinase  in  the  presence  of  air,  or  by  a  chem- 
ical oxidizing  agent  such  as  Millon's  reagent,  whereas,  for  the  conden- 
sation of  the  red  substance  into  the  black  pigment,  the  action  of  the 
mineral  salts  contained  in  the  tyrosinase  are  necessary.  This  hypothe- 
sis respecting  the  mode  of  action  of  tyrosinase  has  recently  been 
refuted  by  Bach  (").  In  order  to  throw  further  light  on  this  subject , 
he  prepared  an  active  solution  of  tyrosinase  and  heated  it  to  boiling. 
After  cooling,  tyrosin  was  added  to  the  solution,  and  20  c.  c.  portions 
of  it  were  placed  in  four  reagent  glasses.  To  the  first  of  these  there 
was  then  added  5  c.  c.  of  water,  to  the  second  2  c.  c.  of  1  per  cent 
hydrogen  peroxide  and  3  c.  c.  of  water,  to  the  third  2  c.  c.  of  1  per 
cent  hydrogen  peroxide  solution,  2  c.  c.  of  a  peroxidase  solution,  and 
1  c.  c.  of  water,  and  to  the  fourth  a  solution  of  an  oxidase  prejiarod 
by  heating  an  extract  of  Lactatius  vellcreus  to  75°  C.  to  destroy  the 
tyrosinase.  These  tests  remaineil  colorless  for  weeks,  intlicating  that 
the  oxidation  of  tyrosin  by  tyrosinase  is  not  referable  to  the  inor- 
ganic substances  which  it  contains.  Bach  also  sought  in  vain  for  a 
co-ferment  of  tyrosinase  among  plants.  He  concludes,  therefore,  that  , 
the  oxidation  of  tyrosin  only  takes  place  through  the  action  of  ])erox-  \ 
idases,  hydrogen  i)eroxide,  plant  juices,  or  ferment  ])reparations  when 
the  preparation  itself  is  active  to  tyrosin,  that  is,  when  it  contains  tyro-  . 
sinase.  Indeed,  it  would  seem  from  his  most  recent  utterances  on  the  I 
subject  that  Bach  (ibid.)  is  inclined  to  look  ui)on  (he  action  of  tyrosi- 
nase as  completely  dilTerent  from  that  of  the  conmion  oxidases  (perox- 
idase 4- hydrogen  pero.xidc).  Tyrosinase,hesays,])elongs  to  a  peculiar 
class  of  oxidizing  ferments,  whose  oxidizing  action  is  exerted  ujxm 
substances  containing  slightly  labile  hydrogen. 

Formerly  all  observations  ii|)<)n  the  action  of  tyrosinase  w<>re  (piali- 
tative  in  character,  being  coniincd  to  rather  crude  and  indefinite  color 
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comparisons.  Recently,  however,  three  quantitative  methods  for 
determining  the  quantity  of  pigment  resuhing  from  the  action  of 
tyrosinase  on  tyrosin  have  been  proposed.  These  are  (1)  a  spectro- 
photometric  method,  (2)  a  sedimentation  method,  and  (3)  a  volu- 
metric method  by  means  of  a  0.002N  solution  of  potassium  perman- 
ganate. The  first  two  methods  were  proposed  by  Von  Fiirth  and 
Jerusalem  Q^^) .  For  details  concerning  these  methods  and  the  use  of 
the  instrument,  with  which  the  writer  is  not  familiar,  the  original 
article  may  be  consulted.  In  this  connection  see  also  Morner  C"^). 
The  second  method  of  Von  Fiirth  and  Jerusalem  ("')  depends  upon  the 
sedimentation  of  the  pigment  by  boiling  with  a  small  amount  of  cal- 
cium chloride.  After  boiling  a  short  time  the  beakers  or  tubes  con- 
taining the  substances  are  allowed  to  stand,  when  the  black  pigment 
settles  out,  leaving  the  liquid  clear.  The  clear  supernatant  liquid  is 
then  poured  off  and  the  residue  washed  with  water  and  transferred 
to  a  graduated  centrifuge  tube  by  means  of  water,  centrifuged  and 
measured.  The  third  method  was  first  employed  by  Bach  C'),  and 
depends  upon  the  fact  that  the  brown  pigment  formed  by  the  action 
of  tyrosinase  on  tyrosin  can  be  oxidized  by  a  dilute  acid  solution  of 
permanganate,  0.002N,  to  a  colorless  compound.  Hence  in  order  to 
determine  the  quantity  of  pigment  produced  in  a  given  time  by  the 
action  of  tyrosinase  on  tyrosin,  the  black  mixture  is  titrated  with 
0.002N  permanganate,  after  the  addition  of  sulfuric  acid,  until  the 
color  of  the  titer  disappears. 

Of  the  three  methods,  Bach's  is  the  simplest  and  commends  itself 
most  strongly  to  chemists.  It  requires  no  special  apparatus,  and  by 
its  use  he  (Bach)  obtained  far  more  regular  and  generally  concordant 
results  than  Von  Fiirth  and  Jerusalem  were  able  to  obtain  with  the 
spectrophotometric  and  sedimentation  methods.     (See  Bach  ~*). 

THE    KINETICS    OF    MELANINE    FORMATION    BY    TYROSINASE, 

The  quantitative  methods  devised  by  Von  Furth  and  Jerusalem  ("«) 
and  by  Bach  (-')  have  already  been  utilized  by  these  observers  and 
also  by  Chodat  and  Staub  Q'')  m  studying  the  kinetics  of  the  tyro- 
sinase process.  According  to  the  latter  the  velocity  of  the  reaction 
at  small  concentrations  is  proportional  to  the  quantity  of  ferment 
present.  At  greater  concentrations  the  rate  of  the  reaction  has  been 
found  equal  to  the  algebraic  expression,  Kc  +  h,m  which  c  is  the  con- 
centration, and  K  and  h  are  constants.  Von  Fiirth  and  Jemsalem 
(supra)  have  investigated  the  eflect  of  temperature,  quantity  of  fer- 
ment, and  the  influence  of  hydrogen  peroxide,  alkalinity,  and  mor- 
ganic  catalyzers  on  the  kinetics  of  melanine  formation  by  vegetable 
and  animal  tyrosinase. 

Von  Fiirth  and  Sclmeider  Q'')  found  the  tyrosinase  of  insect  blood 
to  be  exceedingly  sensitive  to  the  prolonged  action  of  high,  tempera- 
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tures.  Thus  a  long  exposure  to  30°  C.  is  sufficient  to  inhibit  the  action 
of  the  ferment.  In  order  to  determine  the  effect  of  temperature  on 
the  action  of  vegetable  tyrosinase  (from  Agaricus  meUeus)  Von  Fiirth 
and  Jerusalem  prepared  four  tubes,  each  of  which  contained  4  c.  c. 
of  the  tyrosinase  solution.  60  c.  c.  of  an  alkaline  solution  of  tvrosin, 
and  2  c.  c.  of  3  per  cent  hydrogen  peroxide.  These  tubes  were  labeled 
a,  h,  c,  and  d;  a  was  kept  at  5°-7°  C,  h  at  room  temperature,  c  at  40° 
C,  and  d  at  55°  C.  At  the  end  of  half  an  hour  a  and  h  were  not 
noticeably  altered  in  appearance;  c  was  darker,  and  d  was  the  darkest 
in  color.  The  next  morning  a  and  h  were  colored  black,  c  was  lighter, 
and  (7  was  the  lightest  in  color.  The  quantities  of  melanine  in  the 
four  tubes  as  determined  by  the  spectrophotometric  method  were 
found  to  stand  in  the  following  ratio: 

f/  =  1.29;  6  =0.55;  c  =  0.42;  and  ^  =  0.22. 

These  authors  conclude,  therefore,  that  so  far  as  the  influence  of  tem- 
perature on  the  production  of  melanine  by  the  action  of  tyrosinase 
is  concerned,  two  opposing  processes  are  at  work,  viz,  the  accelerat- 
ing effect  of  temperature  common  to  all  chemical  reactions  and  the 
destructive  action  of  temperature  on  the  labile  ferment.  The  result 
is  that  the  process  reaches  an  equilibrium  between  30°  to  50°  C,  and 
that  between  60°  and  65°  C.  the  ferment  ceases  to  act  on  the  tyrosin. 
The  eflect  of  small  amounts  of  hydrogen  peroxide  is  to  increase  the 
quantity  of  melanine  produced  by  tyrosinase  in  a  given  time,  whereas 
larger  quantities  of  the  peroxide  exert  a  retarding  effect  on  the  proc- 
ess. Roughly,  the  quantity  of  melanine  formed  by  the  action  of  a 
given  amount  of  the  ferment  acting  under  the  same  conditions  was 
found  to  be  proportional  to  the  concentration  of  the  tyrosin.  Within 
narrow  limits  of  concentration  (0  to  10  c.  c.  of  0.04  per  cent  sodium 
carbonate  solution  in  a  total  dilution  of  27  c.  c.)  the  efl'ect  of  alkali 
was  found  to  be  practically  negligible.  Within  certain  limits  the 
quantity  of  melanine  formed  increases  with  increase  in  the  concen- 
tration of  the  fungus  tyrosinase.  Thus  the  efl'ect  of  doubhng  the 
quantity  of  ferment  was  to  cause  an  increase  in  tlie  production  of 
melanine  from  1.0  to  1.4.  On  the  other  hand,  the  addition  of  further 
amounts  of  the  ferment  caused  no  increase  in  the  production  of  mel- 
anine; in  fact,  a  slight  diminution  in  the  quantity  of  mehmiue  oc- 
curred, indicating  that  increasing  quantities  of  the  ferment  above 
certain  limits  cause  a  retardation  of  the  process. 

With  animal  tyrosina.se  (from  the  hem()lymi>h  of  DciciphiJa  tupJior- 
hiae)  the  rate  of  melanine  formation  was  con.sideral)ly  increased  by 
an  increase  in  the  quantity  of  hydrogen  peroxide  present,  but  in 
the  end  very  nearly  the  same  amounts  of  melanine  wei-e  produced  in 
all  cases.     Acids,  even  the  weakest,  were  found  to  prevent  the  action 
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of  animal  tyrosinase,  while  the  effect  of  the  addition  of  small  amounts 
of  alkali  is  to  cause  a  distinct  increase  in  the  activity  of  the  ferment. 
Of  the  metallic  catalyzers  tested,  viz,  1  per  cent  solutions  of  the  sul- 
phates of  manganese,  iron  (ferrous),  copper,  and  nickel,  only  man- 
ganese was  found  to  increase  the  rate  of  production  of  the  melanine 
by  animal  tyrosinase.  With  the  animal  tyrosinase  much  greater  in- 
creases in  the  quantities  of  melanine  produced  resulted  from  increases 
in  the  quantities  of  ferment;  in  other  words,  while  the  further  addi- 
tion of  animal  tyrosinase  over  and  above  a  certain  amount  caused 
no  corresponding  increase  m  the  quantity  of  melanuie  produced,  no 
distmct  hindrance  of  the  process,  such  as  that  brought  about  by 
large  amounts  of  vegetable  tyrosinase,  was  observed. 

As  already  indicated  in  the  above,  Bach's  (^^)  permanganate 
method  for  the  determination  of  melanme  has  yielded  more  con- 
cordant results  in  the  study  of  the  kinetics  of  melanine  formation  by 
tyrosinase  than  any  that  have  been  employed  up  to  the  present  time. 
Without  going  mto  details,  this  author  (-*)  has  shown  that  m  the  pro- 
duction of  melanuie  from  tyrosm,  tyrosinase  undoubtedly  obeys  the 
law  of  mass  action,  the  departures  therefrom  observed  during  the 
later  phases  of  the  reaction  being  due  to  the  fact  that  the  activity  of 
the  ferment  becomes  more  or  less  exhausted  during  the  course  of  the 
reaction,  this  exhaustion  being  the  more  rapid  the  greater  the  concen- 
tration of  the  ferment  or  substrat;  that  is,  the  greater  the  velocity 
of  the  reaction. 

THE    ACTION    OF    TYROSINASE    ON    VARIOUS    AMINO    COMPOUNDS,  ESPE- 
CIALLY THE  PRODUCTS  OF  PROTEIN  DEGRADATION. 

It  has  been  pointed  out  that  laccase  is  not  specific  as  an  oxygen  car- 
rier, but  that  it  can  effect  the  oxidation  of  various  easily  oxidizable 
'substances  such  as  guaiacum,  guaiacol,  hydroquinone,  phenolphthalin, 
etc.  The  question  naturally  suggests  itself  in  this  connection,  Is  the 
action  of  tyrosinase  confined  to  tyrosin  or  can  it  likewise  accom- 
plish the  oxidation  of  other  aromatic  amino  compounds?  The 
earlier  workers  in  this  field  were  doubtless  inclmed  to  look  upon  it  as 
specific  in  its  action  on  tyrosin.  Thus  vegetable  tyrosinase  (from 
Russula  delica)  was  employed  by  Bougault  ('')  as  a  reagent  for  the 
detection  of  tyrosin  in  various  animal  products,  and  by  Harlay  (^^) 
for  the  detection  of  tyrosin  in  the  products  of  the  pancreatic 
digestion  of  fibrin,  and  also  in  the  products  of  the  proteolysis  in 
germinating  grain.  With  the  products  of  the  pancreatic  digestion 
of  fibrin,  tyrosinase  gives  a  reddish  brown  color  (tyrosin) ;  with  the 
products  resulting  from  the  peptic  digestion  of  fibrin,  Harlay  found 
the  extract  of  russula  to  give  a  green  color.  This  indicates,  of  course, 
the  absence  of  tyrosin,  but  it  also  indicates  that  tyrosmase  can  act 

11670— Bull.  59—10 6 


82 

upon  substances  other  than  tyrosin.     Durincf  the  last  few  years  this     ] 
conduct  of  tyrosmase  toward  a  large  number  of  aromatic  amino  com-     I 
pounds  has  been  studied,  including  the  optical  isomers  of  tyrosin,  and     1 
also  the  effect  of  various  amino  compounds  and  other  substances  on     ; 
the  action  of  tyrosmase  on  t3Tosin.     Thus  it  has  been  found  by  Ber-     | 
trand  and  Rosenblatt  ("")  to  act  equally  well  upon  racemic  and  laevo-     i 
tyrosin.     They  found    the  tyrosinase  from  Biissula  quelftti  Fr.,  to     i 
give  equal  amounts  of  melanine  with  (d  + 1)  and  1-tyrosin,  in  a  given 
time,   without   any  separation  of  the  racemic  compound  into   its     ! 
optically  active  components.     According  to  Chodat  and  Staub  ("') 
albumoses  do  not  give  a  red  color  with  tyrosinase.     Such  a  coloration     j 
is  produced  by  the  action  of  tyrosinase  on  glycyl-tyrosin  anhydride,     I 
indicating  that  possibly  other  peptids  may  give  the  reaction.     In  a     ; 
continuation  of  their  researches  on  the  action  of  tyrosinase  on  the     i 
products  of  protein  degradation,  these   authors  ("^)  have  observed 
that  the  oxidation  of  tyrosin  by  tyrosinase  is  diminished  by  certain     | 
amino  acids,  such  as  glycin,  leucin,  and  alanin.     They  have  found     j 
tyrosinase  to  act  upon  certain  dipeptids,  such  as  tyrosin  anhydride, 
and  glycyl-t3^rosin  anhydride,  giving  rise  to  yellow  substances  which     j 
do  not  become  black,  as  does  tyrosin  itself.     When,  however,  an  amino     I 
acid,  such  as  glycin,  leucin,  or  alanin,  is  present,  a  red  coloration 
similar  to  that  resulting  from  tyrosin  is  obtained.     Thus,  a  mixture  of     i 
glycyl-tyrosin  anhydride  with  glycin  gives  with  tyrosinase  a  rose     | 
color,  changing  to  bluish  green;  with  alanin  it  gives  a  deeper  red,  and     ' 
with  leucin  a  deep  brown  color.     Phenyl-alniiin  is  not  acted  on  by     I 
t3T()sinase.     These  observers  conclude,  therefore,  that  the  action  of  the     j 
ferment  does  not  depend  altogether  upon  the  presence  of  a  benzene     I 
nucleus  in  an  amino  acid.     The}^  have  also  found  tliat  tyrosinase  acts     I 
readily  on  p-cresol,  less  readily  on  m-cresol,  antl  still  less  reatlily  on 
o-cresol.     As  a  rule  they  have  observed  tyrosinase  to  act  most  readily 
on  the  homologues  of  phenol,  in  which  the  side  chains  occupy  the 
para-  position,  and  in  this  respect  the  ferment  seems  to  difl'er  essen- 
tially from  Millon's  reagent,  which  is  apparently  specific  for  benzene     ' 
compounds  containing  one  hydroxyl  group,  especially  meta  deriva-     1 
tives.     According  to  Chodat  and  Staub  (supra)  the  action  of  tyrosi- 
nase on  p-cresol  serves  to  distinguish  the  ferment  from  laccase.     The 
addition  of  glycin  or  another  amino  acid  greatly  increases  the  rapidit  v 
of  its  action  on  p-cresol,  giving  rise  to  violet  color  wliich  ultimately 
becomes  blue  with  a  reddish  lluorescence.     These  authors  conclude 
that  tyrosinase  may  be  employed  as  a  reagent  for  tyrosin  and  that 
with  the  addition  of  amifio  acids,  the  fcM'inent  may  also  he  employed 
to  delect   peptids  containing  tyrosin  residues  in  I  he  products  of  the     ! 
digestion  of  protein.  i 

Bertrand  ("-)  in    his   recent  researclies   on  melanogenesis,  has  also     ; 
stutiiiMJ   the  action  of  tyrosinase  from  wheat   bran  on  various  com-     : 
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pounds  analogous  to  tyrosin.  With  phenyl-alanin,  phenyl-ethyl- 
amin,  phenyl-methyl-amin,  phenyl-amino-acetic  acid,  phenyl- 
propionic  acid,  phenyl-acetic  acid,  alanin  and  glycocoll,  no  coloration 
was  observed.  On  the  other  hand,  compounds  containing  phenolic 
hydroxyl  were  oxidized  with  the  production  of  characteristic  colors, 
as  may  be  seen  from  the  following  table: 


Name  of  compound. 

Color  produced  with  tyrosinase. 

Grenadine-red;  then  inky  black. 

Grenadine-red;  then  olive-black. 

Orange-yellow,  orange-red,  clear  maroon. 
Orange,  mahogany-red,  brown. 
Orange-yellow,  grenadine-red,  brown. 
Yellow,  orange-yellow,  brown. 
Rose,  orange,  yellow. 
Yellow,  orange,  red. 

Yellow,  orange,  red,  brown. 

He  concludes,  therefore,  that  only  substances  containing  phenolic 
hydroxyl  are  oxidized  by  tyrosinase.  He  found  that  polypeptids 
are  not  colored  exactly  as  is  tyrosin,  but  become  first  yellow,  then 
orange,  and  then  mahogany-red,  without  the  production  of  any  pre- 
cipitate. He  concludes,  therefore,  that  if  in  these  polypeptids  there 
were  previous  splitting  into  tyrosin  and  other  products,  one  should 
obtain  the  same  coloration  as  with  tyrosin,  since  glycocoll  in  the  pro- 
portion ordinarily  found  would  not  modify  the  action  of  the  tyros- 
inase on  tyrosin.  In  his  opinion,  it  is  necessary  to  separate  the  chrom- 
ogen  in  pure  condition  in  order  to  properly  identify  it  by  means  of 
tyrosinase. 

The  action  of  tyrosinase  from  Russula  delica  on  tyrosin,  tyrosin- 
containing  polypeptids,  and  certain  other  compounds,  under  various 
conditions,  has  also  been  studied  by  Abderhalden  and  Guggenheim.  (*) 
Accordmg  to  these  authors  glycocoll,  d-alanin,  d-valin,  1-prolm, 
d-serin,  d,  1-iso-serin,  1-phenyl-alanin,  l-aspartic  acid,  and  d-gluta- 
minic  acid  are  without  effect  on  the  action  of  tyrosinase  on  tyrosin, 
except  in  so  far  as  they  influence  the  rapidity  of  the  development  of  the 
color.  Aspartic  and  glutammic  acids  were  found  to  inhibit  the  action, 
as  did  also  the  other  amino  acids,  especially  if  present  in  strong 
solution.  The  action  of  tyrosinase  was  also  tried  on  the  following 
substances:  1-  and  d-tyrosin,  di-iodotyrosin,  1-phenyl-alanin,  homo- 
gentisic  acid,  1-tryptophane,  skatol,  indol,  1-prolin,  and  cystine.  Of 
these,  homogentisic  acid  and  tryptophane  were  the  only  substances 
except  tyrosin  to  show  a  color  change  with  the  ferment.  On  the 
other  hand,  polypeptids  containing  tyrosin  residues  were  colored  by 
tyrosinase,  the  color  being  modified  to  some  extent  by  the  nature  of 
the  amino  acid  combined  with  the  tyrosin  in  the  polypeptid.     Halo- 
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gen  derivatives  of  the  polypeptids  were  not  acted  upon.  The  action 
of  tyrosinase  on  a  polypeptid  containing  tyrosin  was  modified  to 
some  extent  by  various  amino  acids.  Thus  the  action  was  greatly 
accelerated  by  l-prolin,  whereas  it  was  retarded  by  aspartic  and 
glutaminic  acids.  Prolin  was  found  to  act  especially  energetically 
in  augmenting  the  action  of  tyrosinase  on  glycyl-l-t^Tosin  anhydride. 
They  also  found  tyrosinase  to  act  on  phenol,  giving  a  brown  color, 
and  here  again  the  color  produced  by  the  action  of  tyrosinase  was 
modified  by  amino  acids.  Thus  glycocoll  and  j)henol  gave  a  cochineal 
color,  and  prolin  and  phenol  gave  a  violet  reaction.  These  authors 
conclude  that  the  character  of  the  pigment  resulting  from  the  action 
of  tyrosinase  on  tyrosin  is  dependent  upon  the  combination  in  which 
the  tyrosin  exists.  In  the  free  state  it  is  colored  differently  from 
what  it  is  when  in  the  anhydride  or  in  the  polypeptids.  The  amino 
acids  wlien  present  apparently  take  part  in  the  production  of  the 
pigment.  In  a  later  communication  (^)  these  authors  point  out  thnt 
tyrosinase  acts  rapidly  on  d-alanyl-1-tyrosin,  and  on  1-leucyl-l- 
tyrosin.  They  also  found  it  to  act  on  adrenalin  with  the  rapid  pro- 
duction of  a  red  color  and  ultimately  dark  red  flocculi.  It  was  also 
found  to  act  on  the  three  optical  isomers  of  adrenalin  with  ccpial 
rapidity. 

ox   THE    NATURE    OF    TYROSINASE. 

Bach  and  C'hodat  (-^)  (sec  p.  118-120)  have  shown  that  laccase  is 
composed  of  two  distinct  substances,  an  oxygenase — that  is,  a  sub- 
stance which  forms  a  peroxide  by  taking  up  of  oxygen  and  which 
lis  replaceable  by  hydrogen  peroxide, — and  a  peroxidase,  which 
(activates  this  peroxide  or  the  hydrogen  peroxide  added.  According 
to  this  conception,  the  system,  peroxidase  +  hydro-peroxitle,  is  to  all 
intents  and  purposes  identical  with  the  oxidases  in  its  general  behav- 
ior toward  readily  oxidizable  substances.  The  question,  therefore, 
naturally  suggests  itself  in  this  connection,  Is  tyrosinase  similarly 
constituted?  In  other  words,  Is  this  oxidase  compo.sed  of  a  specific 
peroxidase  and  an  oxygenase,  and  can  other  peroxides,  such  as 
hydrogen  peroxide,  take  the  part  of  the  oxygenase  in  tyrosinase 
oxidations?  Bach  ('')  has  attempted  to  answer  these  (piestions. 
According  to  this  oi)server,  tyrosinase  contains  a  peroxidase  and  an 
oxygenase,  and  it  is  to  the  former  that  it  owes  its  specific  power  to 
oxidize  tyrosin  and  similarly  const  it  utetl  substances,  since  hydrogen 
peroxide  may  be  emj)l()ye(l  in  the  place  of  the  oxygenase  contained 
in  tyrosinase  in  accomi)lishing  the  oxidation  of  tyrosin.  Thus  he  ob- 
served that  a  fresh  acpieous  extract  of  young  potato  tubers  rapidly 
oxidizes  and  blackens  a  solution  of  tyrosin,  whereas  if  the  expressed 
juice  of  finely  ground  new  potatoes  be  allowed  to  stand  for  twenty- 
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four  hours  with  one-tenth  of  its  volume  of  strong  alcohol  in  order  to 
remove  mucilaginous  substances,  and  the  filtrate  therefrom  be  mixed 
with  four  times  its  volume  of  absolute  alcohol,  there  is  obtained, 
after  filtering  and  drying  in  vacuo  over  calcium  chloride  a  dark- 
grayish  mass,  which  on  treatment  with  water  dissolves  only  in  part. 
After  treatment  with  water  and  filtering,  a  perfectly  clear  and  color- 
less solution  is  obtained,  which  shows  strong  peroxidase  reactions, 
but  weak  oxygenase  reactions,  and  which  only  acts  upon  tyrosin 
after  standing  from  thirty-six  to  forty-eight  hours.  In  other  words, 
by  the  action  of  alcohol,  the  activity  of  the  potato  tyrosinase  has 
been  greatly  weakened,  a  fact  which  is  in  harmony  with  Bertrand's 
earlier  observations  on  the  tyrosinase  contained  in  Russula  delica. 
According  to  Bach,  it  is  weakened  for  the  reason  that  the  oxygenase 
moiety  of  the  ferment  has  been  destroyed  by  the  alcohol.  He  there- 
fore sought  to  restore  it  to  its  original  activity  by  the  addition  of 
small  amounts  of  hydrogen  peroxide.  As  a  matter  of  fact,  the  weak 
tyrosmase  solutions  which  only  oxidize  the  tyrosin  after  thirty-six  to 
forty-eight  hours,  become  dark  browTi  in  one  hour  after  the  addition 
of  small  amounts  of  hydrogen  peroxide.  Bach  concludes,  therefore, 
that  the  specific  character  of  tyrosinase  lies  in  the  specific  nature  of 
its  peroxidase. 

On  the  other  hand,  R.  Chodat  and  Staub  ("^)  found  that  hydrogen 
peroxide  not  only  did  not  accelerate  the  action  of  tyrosinase  on 
tyrosin,  but  actually  retarded  it.  As  Bach  pointed  out  in  his  first 
communication  on  the  subject  ('0,  however,  tyrosinase  is  very  sensi- 
tive to  the  action  of  hydrogen  peroxide,  and  it  is  necessary  to  work 
with  very  dilute  hydrogen  peroxide  in  order  to  demonstrate  the 
accelerating  effect.  Von  Fiirth  and  Jerusalem  (''^)  have  also  observed 
that  small  amounts  of  hydrogen  peroxide  materially  accelerate  the 
action  of  tyrosinase,  whereas  with  larger  amounts  of  the  peroxide  the 
reaction  is  retarded. 

More  recently  Bach(-^)  has  been  able  to  accelerate  the  oxidation 
of  tyrosin  by  weak  tyrosinase  from  Russula  delica  by  means  of  hydro- 
gen peroxide.  As  already  pointed  out  under  the  preparation  of 
tyrosinase  (see  p.  74),  he  prepared  aqueous  extracts  of  the  ferment 
from  three  lots  of  the  fungus  (I,  from  fresh,  unblemished  fimgi;  II, 
from  older,  more  or  less  damaged  fungi,  and  III,  from  putrid  fungi). 
Portions  of  these  original  extracts  were  diluted  ten  times  with  water, 
and  10  c.  c.  of  the  diluted  extracts  were  mixed  with  10  c.  c.  of  a 
tyrosin  solution  containing  0.05  per  cent  of  tyrosin  and  0.04  per  cent 
of  sodium  carbonate,  and  30  c.  c.  of  water  added.  After  standing 
twenty-four  hours,  1.  c.  c.  of  10  per  cent  sulfuric  acid  was  added,  and 
each  solution  was  titrated  with  0.002  N  potassium  permanganate  to 
complete  decolorization.     The  quantities  of  permanganate  required 
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to  decolorize,  and  the  original  colors  resulting  from  the  action  of  the 
tyrosinase,  were  as  follows: 


1 


Number  of  extract. 

I. 

II.                        III. 

Appearance  before  titration 

Dark  brown. 
8.3 

Permanganate  required c.  c 

sediment. 
37.8 

13.6 

In  order  now  to  determine  the  effect  of  hydrogen  peroxide  on 
each  of  these  extracts,  similar  experiments  were  carried  out,  except 
that  to  each  solution  1  c.  c.  of  0.05  per  cent  solution  of  hydrogen 
peroxide  was  added  to  each  of  the  tests.  After  standing  twentv-four 
hours  the  three  solutions  were  titrated  with  0.002  X  permanganate, 
with  the  following  results: 


Number  of  extract. 

I. 

IT.     1    m. 

Permanganate  required c.  c 

37.3 

26.7        23.2 

V  It  is  evident  from  these  results  that  the  weaker  the  tyrosinase  the 
greater  the  accelerating  effect  of  hydrogen  peroxide  on  its  activit3\ 
After  a  few  days  extract  No.  I  had  become  acid  in  reaction,  and  was 
slimy  and  brown  and  not  in  a  condition  to  be  filtered.  In  order, 
therefore,  to  neutralize  the  acid  and  coagulate  the  slimy  material, 
the  extract  was  treated  with  10  grams  of  magnesium  carbonate  and 
filtered.  The  residue  was  then  treated  with  30  c.  c.  of  water,  in 
which,  however,  but  little  of  the  residue  dissolved.  Ten  cubic  centi- 
meters of  this  solution  were  then  mixed  with  an  equal  volume  of  the 
tyrosin  solution.  After  twenty-four  hours  the  mixture  was  entirely 
colorless.  When,  however,  0.5  c.  c.  of  a  0.05  per  cent  solution  ()f 
hydrogen  peroxide  was  added,  a  tolerably  rapid  oxidation  of  the 
tyrosin  occurred,  and  in  the  course  of  ten  hours  the  mixture  \\as  col- 
ored black.  It  would  seem,  therefore,  that  by  shaking  tlie  extract 
of  the  fungus  with  magnesium  carbonate  the  peroxidase  of  tyrosina.se 
can  be  separated  from  its  oxygenase.  A  partial  separation  of  f lie 
constituents  of  tyrosinase  can  also  be  accomplished  In'  means  of 
methyl  alcohol.  Thus,  according  to  Bach  (ibid.),  100  c.  c.  of  the 
fungus  extract  were  poured  into  500  c.  c.  of  strong  methyl  alcohol. 
The  resulting  precipitate  was  rapidly  filtereil,  washed  with  methyl 
alcohol,  and  dried  in  vacuo  over  calcium  chloride.  The  dry  residue 
was  rubbed  uj)  in  a  mortar  with  100  c.  c.  of  water,  wherebv  onlv  a 
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small  amount  of  the  residue  passed  into  solution.  This  mixture  was 
then  filtered  and  the  filtrate  tested  toward  tyrosin  with  and  without 
hydrogen  peroxide.  While  the  solution  containing  hydrogen  perox- 
ide showed  the  characteristic  blackening  with  tyrosin  after  twelve 
hours  and  required  17.6  c.  c.  of  0.002  N  permanganate  to  decolorize 
it,*^  the  test  without  hydrogen  peroxide  remained  colorless  for  two 
whole  days.  Bach  concludes,  therefore,  that  at  ordinary  dilutions 
hydrogen  peroxide  exerts  no  influence  on  fresh,  normal  tyrosinase. 
As  the  result  of  certain  changes  in  the  tyrosinase,  however,  which  may 
be  brought  about  naturally  or  by  artificial  means,  whereby  the  fer- 
ment becomes  greatly  weakened,  its  activity  toward  tyrosin  may 
be  greatly  increased  by  dilute  hydrogen  peroxide.  He  is  therefore 
of  the  opinion  that  the  simplest  view  to  take  of  the  weakening  of 
tyrosinase  and  its  partial  restoration  by  hydrogen  peroxide  is  to 
ripfer  it  to  the  destruction  of  its  unstable  oxygenase. 

In  a  more  recent  communication  Bach  {•'')  shows  that  it  is  impos- 
sible to  oxidize  tyrosin  by  the  oxidase  of  Lactarius  vellereus,  and  also 
that  it  is  impossible  to  oxidize  it  by  this  peroxidase,  in  the  presence 
of  hydrogen  peroxide  and  a  preparation  of  tyrosinase  which  had 
previously  been  destroyed  by  boiling. 

It  has  also  been  shown  by  Chodat  C"""^)  and  also  by  Bach  {-''"')  that 
ordinary  peroxidase  and  hydrogen  peroxide  are  without  action  on 
tyrosin.  It  would  seem,  therefore,  that  tyrosinase  presents  us  with 
a  case  of  specific  ferment  action  connected  in  some  way  with  the 
chemical  constitution  of  the  substance  oxidized,  and  that  while  the 
two  oxidases,  laccase  and  tyrosinase,  are  similarly  constituted  in  the 
sense  that  each  contains  a  peroxidase  and  an  oxygenase,  and  that  in 
each  case  the  oxygenase  component  may  be  replaced  by  hydrogen 
peroxide,  the  two  enzymes  differ  in  the  specific  character  of  their 
peroxidase  constituent.  The  peroxidase  of  laccase  is  specific  in  the 
sense  that  while  it  can  activate  hydrogen  peroxide  toward  guaiacuna, 
hydroquinone,  pyrogallol,  phenolphthalin,  etc.,  it  can  not  activate  it 
toward  tyrosin,  and  while  the  peroxidase  of  tyrosinase  can  activate 
hydrogen  peroxide  toward  tyrosin,  and  certain  other  ammo  com- 
pounds, it  can  not  activate  it  toward  the  laccase  reagents. 

ANTI-TYROSINASE. 

According  to  Gessard  {'^-) ,  the  blood  serum  of  a  rabbit  which  has 
been  inoculated  with  vegetable  tyrosinase  at  successive  intervals, 
retards  the  action  of  the  ferment  on  tyrosin  to  a  considerable  extent, 
so  that  a  long  interval  is  required  for  the  solution  of  the  ferment  and 

a  The  excess  of  hydrogen  peroxide  remaining  at  the  end  of  these  experiments  was 
in  all  cases  removed  by  the  addition  of  1  c.  c.  of  catalase  solution.  This  quantity  of 
caUilase  solution  was  sufficient  to  decompose  10  c.  c.  of  a  1  per  cent  solution  of  hydro- 
>r,'('n  peroxide  in  one  minute. 


tyrosin  to  exhibit  the  succession  of  color  changes  ordinarily  shown 
by  a  solution  containing  t^Tosin  and  tyrosinase.  This  author  reached 
the  conclusion,  therefore,  that  by  the  repeated  injection  of  tyrosinase 
into  an  animal,  there  is  developed  in  the  blood  of  the  animal  receivin<^ 
the  mjection  an  anti-body,  to  which  he  gave  the  name  anti-tyro- 
sinase{^^^).  He  observed  further  that  as  the  result  of  the  repeated 
injection  of  animal  tyrosinase  (from  the  ink  sac  of  the  cuttle  fish)  into 
an  animal,  «uch  as  the  rabbit,  the  blood  serum  of  the  animal  receiving 
such  injections  acquires  the  property  of  retarding  the  action  of  tyro- 
sinase of  the  same  origin.  On  the  other  hand,  such  serum  was  found 
to  be  without  effect  on  vegetable  tyrosinase.  On  the  other  hand, 
Von  Furth  and  Jerusalem  C^^)  were  unable  to  obtain  any  evidence  of 
the  formation  of  an  anti-tyrosinase  in  the  blood  serum  of  rabbits  fol- 
lowing the  injection  of  tyrosinase  from  the  hemolymph  of  certain 
lepidoptera. 

OXIDASES    FROM    VARIOUS    SOURCES. 

Since  the  earlier  work  of  Bertrand  and  Bourquelot  on  laccase  and 
tyrosinase,  a  number  of  oxidases  have  been  obtained  by  various 
observers  from  different  sources,  to  which  special  names  ending  in  -af^e 
have  been  given,  usually  to  indicate  something  pertaining  to  the 
particular  occurrence  of  the  ferment,  but  in  some  cases  referrinii;  to 
some  peculiar  chemical  transformation  which  they  can  effect.  Among 
these  may  be  mentioned  the  following: 

(ENOXIDASE     OXIDASE   OF  WINE). 

According  to  CazeneuveC"- "^)  and  other  French  investigators, 
this  is  the  oxidase  which  is  responsible  for  the  disease  of  wine  known 
to  French  wine  makers  as  La  Casse  or  Cassure,  as  the  result  of  which 
a  red  wine  loses  its  characteristic  color,  due  to  the  oxidation  and  sedi- 
mentation of  its  characteristic  coloring  matter.  According  to  Mar- 
tinand  (^^0,  this  oxidase  is  present  in  the  ripe  grapes,  whereas,  accord- 
ing to  T.aborde  (^■'«),  it  is  produced  by  a  fungus,  Botrytis  cinerea,  which 
grows  freely  on  grapes  and  on  wine  must  and  is  known  commonly  as  the 
"sweet  rot."  It  has  also  been  found  by  Martinand  (-'*")  in  other  fruits 
beside  the  grape,  such  as  the  plum,  pear,  and  apple.  It  has  also  been 
shown  that  under  ordinary  conditions  the  greater  quantity  of  the 
feriiient  normally  present  in  the  fresh  juice  of  the  grape  is  lost  or  dis- 
appears during  fermentation.  In  all  probability  it  is  carried  down 
by  the  precipitates  which  go  to  form  the  wine  stone.  Acconling  to 
Martinand,  it  is  destroyed  in  four  minutes  at  72°  C,  or  even  at  55°  C, 
after  an  exposure  of  one  and  one-half  hours.  BoufFard  and  Semi- 
chon  ("')  have  found  it  to  he  destroyed  by  very  dilute  sulfurous  acid, 
0.02  gram  of  sulfur  dioxide  per  liter  of  enzyme.     In  many  respects 
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oenoxidase  resembles  laccase.  It  is  worthy  of  note  in  this  connec- 
tion, however,  that,  according  to  LegatuC-^^),  the  disease  of  wine 
ordinarily  ascribed  to  oenoxidase  is  in  reality  due  primarily  to  the 
presence  of  ferrous  salts  in  quantities  above  the  normal.  These  are 
oxidized  to  ferric  salts  and  then  precipitated  by  the  tannin,  the  pre- 
cipitate carrying  down  the  coloring  matter  of  the  wine.  Accord- 
ing to  this  author  the  only  part  played  by  the  oenoxidase  is  that  it 
assists  in  the  rapid  oxidation  of  the  ferrous  salts,  and  hence  may 
participate  to  that  extent  in  accomplishing  the  changes  already 
described. 

MALOXIDASE  (APPLE  OXIDASE). 

The  color  changes  occurring  in  fruits  like  the  apple,  pear,  peach, 
etc.,  as  a  result  of  a  wound  or  cut  in  the  fruit  or  an  abrasion  of  the 
skin  are  familiar  to  everyone.  It  is  also  kno^vn  that  no  such  changes 
of  color  occur  if  the  fruit  be  previously  heated  to  about  the  tempera- 
ture of  boiling  water.  The  effect  of  heat  in  preventing  these  changes 
is  also  seen  to  good  advantage  in  various  sorts  of  artificially  and 
naturallv  dried  fruits,  especially  dried  apples.  Apples  which  have 
been  dried  in  the  sun  by  natural  processes  are  brown  in  color  m  con- 
sequence of  the  oxidation  of  tannin  by  an  oxidizing  ferment,  maloxi- 
dase,  contained  in  the  fruit  {see  Lindet  r^-  "'")).  On  the  other  hand, 
evaporated  apples  which  have  been  dried  artificially  at  higher  tem- 
peratures, and  in  some  instances  even  exposed  to  the  action  of  sulfur 
dioxide,  are  white,  for  the  reason  that  the  oxidase  has  been  destroyed. 
The  juice  of  the  apple  has  been  found  to  blue  guaiacum  and  to  oxidize 
hydroquinone  and  pvrogallol.  In  this  connection  it  has  beeti  pointed 
out  by  Kastle  and  SheddC^O  that  those  vegetable  tissues  which 
readily  oxidize  guaiacum  and  phenolphthalin  rapidly  turn  brown  or 
reddish  in  color  when  their  freshly  cut  surfaces  are  exposed  to  the 
air,  whereas  the  tissues  of  those  plants  which  do  not  oxidize  these 
reagents  do  not  turn  brown  or  red  on  exposure  to  the  air.  In  other 
words,  the  oxidases  present  in  the  raw  fruit  are  responsible  for  both 
phenomena. 

According  to  Lindet  (-">  "^)  the  oxidase  of  the  apple  and  the 
tannin  upon  which  it  acts  are  stored  in  different  cells,  and  hence  it 
is  only  when  these  are  brought  together  by  actual  rupture  of  the  cells 
that  we  have  those  color  changes  occurring  which  are  characteristic 
of  the  bruised  or  macerated  fruit.  On  the  other  hand,  Kastle  and 
Loevenhart  ("*)  have  pointed  out  that,  on  the  assumption  that  the 
oxidizing  ferments  are  of  the  nature  of  peroxides,  the  oxidase  (per- 
oxide) is  not  present  as  such  in  the  intact  cell,  but  only  its  precursor, 
viz.,  an  autoxidizable  substance  which,  when  it  comes  into  contact 
with  the  air  through  the  rupture  of  the  tissue  or  cell,  unites  with  the 
oxygen  to  produce  the  peroxide  or  the  so-called  oxidizmg  ferment. 
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or  according  to  the  views  of  Bach  and  Chodat  (-^)  the  precursor  of 
the  oxygenase  portion  of  the  ferment.  Hence  the  tannin  and  the 
substance  destined  to  become  the  oxidase  or  a  part  thereof  as  the 
result  of  the  action  of  ox3^gen  could  exist  together  in  the  same  cell, 
or,  for  that  matter,  even  in  the  same  solution,  and  yet  no  oxidation  or 
no  coloring  take  place  until  the  cell  had  been  ruptured  and  air  ad- 
mitted. It  seems  highly  probable  that  the  so-called  maloxidase  and 
Bertrand's  laccase  are  the  same. 

SPEBMASE. 

This  oxidase  has  been  detected  by  Gruss(-"')  in  the  embryo  of  the 
barley  by  means  of  Wurster's  reagent  (tetramethyl-para-phenylene 
diamin).  If  a  grain  of  barley  be  cut  in  two  along  the  greater  length 
of  the  grain  and  the  cut  surface  pressed  against  moist  "tetra"  paper. 
a  violet  color  develops  on  the  exposed  surface  of  the  embryo,  while 
the  endosperm  remains  colorless.  On  the  other  hand,  if  the  grain  be 
heated  to  55°  C.  for  fifteen  minutes  the  embryo  shows  no  color  with 
"tetra"  paper,  indicating  that  the  ferment  has  been  destroyed.  The 
ferment  scarcely  colors  guaiacum,  and  hence,  according  to  Griiss, 
should  not  be  confused  with  laccase.  He  is  of  the  opinion  that  it 
plays  a  part  in  the  morphological  and  physiological  changes  which 
accompany  the  production  of  malt.  Thus,  he  has  shown  that  in  the 
kiln-drying  of  very  moist  malt,  without  ventilation,  the  oxidase  is 
destroyed  C'). 

OXIDIN  {Boiitroux). 

According  to  Mege-Mourier  C""'-  2!»<,  29-^)^  the  characteristic  color  of 
brown  bread  is  produced  during  panification  by  a  substance  of  fer- 
ment-like nature,  to  which  he  gave  the  name  "  Cerealin.''  Afterwards 
BoutrouxC^)  showed  that  these  changes  of  color  result  from  the 
action  of  an  oxidase  (laccase),  to  which,  for  reasons  already  indicated, 
he  gave  the  name  "Oxidin."  Quite  recently  Bertrand  and  Muter- 
milch  C'^)  have  obtained  tyrosinase  fi'om  wheat  bran  and  have  reached 
the  conclusion  that  the  changes  of  color  observed  in  bread  durliis; 
baking  are  due,  in  part  at  least,  to  the  action  of  this  fernicMit.  It  is 
quite  likely,  therefore,  that  Mege-Mourier's  CereaUn  and  Bouiioux's 
Oxidin  are  merely  mixtures  of  laccase  and  tyrosinase. 

SCHINOXIDASE. 

SarthouC'"' •■'■'")  obtained  this  oxichisc  fn)ni  the  latex  of  Schinus 
molle  by  the  usual  method.  An  aqueous  extract  of  the  latex  of  this 
plant  blues  guaiacum  and  oxidizes  the  phenols,  such  as  hytlroquinone, 
resorcin,  and  pyrogallol,  and  transforms  potassium  ferrocyanide  into 
potassium  ferricyanide  with  the  absorption  of  oxygen.     The  ferment 
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differs  from  Bertrand's  preparations  of  laccase  chiefly  by  the  fact 
that  the  ash  is  rich  in  iron,  but  contains  no  manganese.  According 
to  Sarthou  C'*),  this  iron  exists  in  the  active  ferment  in  organic  com- 
bination, and  to  this  the  ferment  owes  its  oxidizing  power. 


OLEASE. 


Tolomei  C'')  has  observed  that  fresh  ohves  gradually  undergo  fer- 
mentation when  exposed  to  the  air,  with  the  production  of  acetic  and 
other  fatty  acids  and  the  evolution  of  carbon  dioxide.  According  to 
this  author  these  changes  are  brought  about  by  the  action  of  an 
oxidase  to  which  he  has  given  the  name  ''Olease."  This  ferment  has 
also  been  found  by  Tolomei  in  the  olive  oil  itself,  and  to  its  action  are 
due  those  changes  which  take  place  when  the  oil  becomes  rancid. 
The  acids  produced  by  its  action  serve  to  gradually  weaken  the 
ferment. 

PTJRPURASE. 

One  of  the  most  interesting  and  picturesque  changes  attributable 
to  oxidizing  ferments  is  that  described  by  Dubois  ("«),  which  results 
in  the  production  of  a  purple  pigment  in  the  mollusc,  Murex  hrandaris. 
According  to  this  author  the  pigment  glands  of  these  gasteropods  are 
analogous  to  the  photogenic  (luminous)  organs  of  Pholas  dactylus,  the 
principal  difference  being  that  while  the  fLxation  of  oxygen  in  the 
latter  gives  out  its  energy  in  the  form  of  light,  the  latter  absorbs 
luminous  vibrations  with  the  production  of  a  pigment.     In  other 
words,  the  changes  occurring  in  the  production  of  the  pigments  of 
molluscs  are  also  photochemical.     Dubois  observed  that  on  extract- 
ing the  pigment  gland  with  absolute  alcohol  the  chromogen  contained 
in  the  gland  passed  into  solution.     The  alcoholic  solution  of  the 
chromogenic  substance  was  concentrated  on  the  water  bath  and  the 
concentrated  solution  used  to  impregnate  test  papers  for  the  purpose 
of  experimentation.     The  residue  of  the  gland  remaining  after  extrac- 
tion with  cold  absolute  alcohol  was  extracted  first  with  chloroform 
water,  and  the  residue  was  finally  macerated  with  glycerin,  all  of 
these  operations  being  carried  out  in  the  dark  or  in  the  feeble  light  of 
the  dark  room.     On  adding  a  drop  of  the  glycerin  extract  of  the 
gland  to  the  test  paper  containing  the  chromogenic  substance  of  the 
gland  and  moistening  with  water  and  exposing  to  sunlight,  a  purple 
color  gradually  developed  on  the  paper,  the  intensity  of  which  de- 
pended on  the  time  of  exposure  and  the  intensity  of  the  light.     The 
glycerin  extract  alone  is  not  colored  on  exposure  to  the  light,  and  it 
loses  its  activity  when  heated  to  120°  C.  in  the  autoclave.     Three 
factors  are  therefore  concerned  in  the  development  of  the  purple  pig- 
ment in  molluscs,  (1)  a  chromogenic  substance  soluble  in  alcohol,  (2) 
a  ferment,  and   (3)  light.     According  to  Dubois,  the  chromogenic 
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substances  (les  substances  cliromorjeniques)  concerned  in  these  changes 
consist  of  a  definite,  crystallizable  substance,  the  chromogen  proper, 
which  has  been  described  by  LetelHer  (2««)  {see  footnote  to  Dubois's 
article),  and  a  ferment.  To  the  former  Dubois  gave  the  name 
'•purpurin,"  and  to  the  latter  ''purpurase."  No  special  evidence  has 
been  brought  forward  by  Dubois,  or  by  anyone  else  for  that  matter, 
to  indicate  that  purpurase  is  an  oxidizing  ferment.  Indeed,  its  con- 
duct toward  the  ordinary  oxidase  reagents  seems  never  to  have  been 
investigated.  However,  the  changes  resulting  in  the  production  of 
the  pigment  in  the  pigment  gland  of  Murex  hrandaris,  in  which  it 
evidently  participates,  present  many  close  analogies  to  those  oxiila- 
tions  which  are  accomplished  by  oxidases,  and  hence  certain  authors 
have  been  led  to  put  purpurase  in  the  class  of  oxidizing  ferments. 

LUCIFERASE. 

The  production  of  light  by  animals  ami  plants  has  been  the  subject 
of  many  researches.     In  this  connection  it  was  long  ago  pointed  out 
by  Dubois  ("s-i")  ^j^^^  ^j^^  active  agent  of  light  production  in  animals 
and  plants  is  a  substance  having  the  general  properties  of  a  ferment. 
This  enzj^me  he  has  called  "luciferase."     According  to  Dubois  (""), 
the  transformation  resulting  in  the  production  of  light  in  animals  and 
plants  takes  place  under  the  influence  of  life,  water,  and  a  suitable 
temperature.     From  his  earlier  researches  on  the  subject  he  con- 
cluded that  physiological  light  is  not  the  result  of  a  combustion,  nor 
even  of  a  slow  oxidation,  but  a  direct  chemical  act  {mais  directe).     In 
his  later  investigations,  however,  he  claims  to  have  shown  that  the 
fixation  of  oxygen  is  necessary,  the  oxidation  taking  place  not  directly 
but  indirectly,  and  for  the  most  part,  at  least,  through  the  action  of 
luciferase  as  an  intermediary,   which   thus  conducts  itself  like  an 
oxidizing  ferment.     In  this  connection  he  observed  that  the  luminous 
organs  of  the  Lampi/ruhe  and  also  the  eggs  contained  in  the  ovaries 
of  the  females  give  a  beautiful  blue  color  with  tincture  of  guaiacum. 
So,  also,  the  filtered  extract  of  the  luminous  mucus  from  the  hodv  of  a 
dead  fish,  prepared  with  chloroform  water,  gave  a  similar  reaction. 
Dubois  ("')  concludes,  therefore,  that  the  photogenic  substances  con- 
cerned in  the  production  of  physiological  light  are  "  Iu('if(>rin  "  and 
"luciferase."     In  other  words,   the  light  generated   by  various   life 
forms  is  the  result  of  a  chemical  change,   probably  an   oxidation, 
brought  about  by  the  action  of  luciferase  on   luciferin.     My  own 
experience  with  the  firefly  native  to  the  Central  and  Middle  Western 
States,  Luciola  pinm)/lvanica,  is  that  the  aqueous  extracts  of  the 
luminous  organs  do  not  show  the  guaiacum  reaction  diroctly.  but 
only  after  the  a(l<lition   of  hydrogen   peroxide.     The  whole  subject 
requires  further  investigation. 
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ALDEHYDASE  (SALICYLASE). 


We  have  seen  that  Schoenbein  i^^),  especially  as  the  result  of  his 
work  on  the  oxygen-carrying  power  of  blood,  recognized  the  im- 
portance of  oxygen  carriers  for  oxidation  processes  occurring  in  the 
animal  organism.     Traube  C")  also  beheved  that  a  complete  analogy 
exists  between  the  respiratory  changes    occurring    in  muscle   and 
the  process  of  slow  combustion.     His  theory  of  muscular  activity 
was  based  upon  the  assumption  that  the  muscle  fiber  contains  a 
vital,   oxidizing   (verwesungs)    ferment    {see   Traube    {^^'^),    p.    107), 
which  carries  oxygen  from  the  blood  to  the  oxidizable  substances 
contained  in  the  muscle  fluids,  wdthout  the  ferment  itself  suffering 
any  destruction.     These  or  similar  views  were  also  shared  by  other 
distinguished  observers.     Thus,  according  to  Claud  Bernard  (")  the 
respiration  of  tissue  is  not  a  direct  combustion,  but  an  incUrect  oxi- 
dation accompUshed  by  chemical  agents  of  the  nature  of  ferments. 
Some  few  observations  were  made  by  Schiitzenberger  C^=*)  on  the 
oxidation  of  certain  substances  in  the  animal  organism.     It  remained 
for  Schmiedeberg  to  greatly  extend  our  earher  knowledge  of  such 
processes.     Thus,  as  the  result  of  their  investigation  of  the  forma- 
tion of  hippuric  acid  in  the  animal  organism,  Bunge  and  Schmiede- 
berg i^^*^)  came  to  the  conclusion  that  the  red  blood  corpuscles  play 
an  essential  role  in  the  formation  of  hippuric  acid  in  the  Hving  kid- 
ney, for  the  reason,  possibly,  as  these  observers  surmised,  that  it 
plays    the    part   of   an   oxygen   carrier.     From   these   observations 
Schmiedeberg  himself  C««)  was  naturally  led  to  the  study  of  those 
oxidations  wliich  in  the  animal  organism  might  result  in  the  forma- 
tion of  hippuric  acid.     He  arrived  at  the  conclusion  that  the  princi- 
pal changes  occurring  in  the  animal  organism  are  sphttings  (hydroly- 
sis), oxidation,  and  synthesis,  and,  as  he  proved  in  these  researches, 
the  two  latter  processes  frequently  go  hand  in  hand.     It  was  shown 
that  benzyl  alcohol  was  oxidized  by  blood  to  only  a  shght  extent, 
and  almost  equally  well  by  a  solution  of  sodium  carbonate,  but  not 
at  all  in  pure  water.     Similar  results  were  obtained  wdth  sahcyhc 
aldehyde.     On  the  other  hand,  by  the  action  of  oxygenated  blood  in 
the  tissue  of  the  kidney  and  lung  both  of  these  compounds  are  oxi- 
dized a  thousand  times  more  rapidly  than  they  are  by  blood  alone 
or  by  a  solution  of  sodium  carbonate.     From  this  it  follows  that 
conditions  exist  in  the  tissues  whereby  an  increased  activity  is  con- 
ferred on  the  oxygen  of  the  blood,  in  that  it  is  rendered  active  or  gotten 
into  the  nascent  state,  or  some  change  is  effected  in  the  oxidizable  sub- 
stance, whereby  it  becomes  more  easily  oxidizable.     Tliis  increased 
activity  on  the  part  of  the  oxygen  may  be  explained  as  a  result  of  the 
action  of  (1)  an  exciter  analogous  to  platinum-black,  or  (2)  of  reacUly 
combustible  substances  in    the   tissues  wliich  have   the    power   of 
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decomposing  the  oxygen  molecule,  as  a  result  of  which  not  only 
would  they  themselves  become  oxidized,  but  other  substances  as 
well.  This  last  was  an  application  of  Hoppe-Seyler's  theory  of  oxi- 
dation (1878).  On  the  other  hand,  Schmiedeberg  observed  that 
these  aromatic  compounds  are  more  rapidly  oxidized  than  phos- 
phorus. This,  he  says,  is  evident  from  the  fact  that  in  phosphorus 
poisoning  in  man  follo^^'ing  the  administration  of  0.1  to  0.2  gram 
of  the  substance,  some  of  the  phosphorus  apparently  remained  in 
the  body  in  unaltered  condition  after  death.  Hence  he  distin- 
guishes between  synthetic  oxidations  and  those  hke  the  oxidation 
of  phorphorus,  and  points  out  that  it  is  only  substances  containing 
hydrogen  that  lend  themselves  to  such  oxidations  as  the  former. 
He  concludes  also  that  in  the  apparent  activation  of  oxygen  in  such 
synthetic  oxidations  the  hving  tissue  acts  not  upon  the  oxygen  moh^- 
cule,  but  upon  the  oxidizable  substance;  otherAnse  it  would  oxidize 
the  phosphorus  as  readily  as  the  benzyl  alcohol  or  sahcylic  aldehyde. 
Essentially  similar  views  have  recently  been  advanced  by  Mathews  (=^' ) 
in  order  to  account  for  the  oxidation  of  the  sugars  (see  footnote,  p.  5G ). 
Schmiedeberg  also  pointed  out  that  all  of  these  oxidation  processes 
have  tliis  in  common,  viz.,  that  the  final  product  of  the  oxidation 
occurs  in  the  urine  in  the  form  of  a  conjugated  compound  in  which 
it  is  paired  ^\^th  sulfuric  or  glycuronic  acid,  or  with  glycol.  Hence 
the  production  of  phenol  in  the  organism  following  the  administra- 
tion of  benzene  may  result  from  the  following  changes: 

OH OH 

(/)  SO,/   !    +o+nCeH3=so3/        +ii„(). 
^0|n I  ^oCeH, 

and 

/)H 
(£)  so/  +H,()  =  S0,(()H),  +  CJ1.()H. 

\O.CeH, 

See  also  Baumann  and  Herter  (*°). 

As  a  matter  of  fact,  Schmiedeberg  found  that  a  dog  wliich  had 
received  24  grams  of  benzene,  in  eight  doses  in  twenty-four  hours, 
excreted  1.6907  grams  of  phenol,  of  which  1.1005  grams  were  found 
in  coml)ination  with  sulfuric  acid. 

Several  yeai's  later  this  subject  was  reinvestigated  by  Jacquet  ("-), 
who  showed,  first,  that  the  blood  alone  does  not  possess  the  power 
of  accomphshiug  the  oxidation  of  such  substances  as  benzyl  alcohol 
and  salicyhc  aldehyde;  second,  that  certain  animal  tissues  or  cell- 
free  extracts  thereof  in  contact  with  blood  or  atmospheric  oxygen 
have  the  power  of  accomplisliing  the  oxidation  of  these  substances; 
third,  that  while  such  extracts  lose  their  oxidizing  power  on  boiling, 
their  oxidizing  powers  are  not  destroyed  by  carbolic  acid,  cpiinine, 
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or  by  freezing,  or  by  precipitation  with  alcohol  and  re-solution  in 
water.  He  arrived  at  the  conclusion,  therefore,  that  oxidations  in 
the  animal  organism  are  brought  about  by  ferments  or  enzymes. 

Further  studies  on  the  oxidizing  ferments  were  made  by  Pohl  (^^^) 
with  the  view  of  determining  whether  the  several  oxidizing  fer- 
ments described  by  various  authors  as  occurring  in  animal  and  plant 
tissues  are  the  same  or  different  enzymes.  He  reached  the  conclu- 
sion that  two  essentially  different  kinds  of  oxidations  occur  in  liv- 
ing tissues  and  that  these  are  brought  about  by  at  least  two  dis- 
tinctly different  ferments,  one  of  which  accelerates  the  oxidation 
of  fatty  (formic)  and  aromatic  aldehydes,  and  the  second  brings 
about  such  oxidations  as  the  production  of  indophenol-blue  fi'om 
an  alkaline  solution  of  a-naphthol  and  para-phenylene  diamin.  He 
found  further  that  certain  plant  extracts  have  the  power  of  accom- 
pHshing  the  indophenol  reaction,  but  are  powerless  to  oxidize  formic 
or  salicylic  aldehyde  or  mannite.  An  aqueous  solution  of  tannin 
needles  proved  to  be  especially  active.  In  this  connection  he  also 
showed  that  amygdaUn  gives  the  indophenol  reaction  apparently 
independently  of  the  action  of  any  ferment. 

On  the  other  hand,  Spitzer  ("«)  arrived  at  the  conclusion  that 
glycolysis  (the  disappearance  of  sugar  in  the  blood)  is  only  a  special 
case  of  oxidation  by  blood  and  animal  tissues,  and  that  the  glycolytic 
ferment  of  Lepine  is  probably  identical  with  the  oxidizing  ferments 
in  tissues  capable  of  oxichzing  aromatic  alcohols  and  aldehydes.  In 
support  of  these  conclusions  he  cited,  first,  an  observation  by  Sal- 
kowski  i^'^")  to  the  effect  that  under  certain  conditions  blood  can 
oxidize  salicylic  aldehyde,  and,  secondly,  some  observations  of  liis 
own  to  the  effect  that  those  tissues  which  can  rapidly  oxidize  alco- 
hols and  aldehydes  can  also  destroy  glucose.  The  results  obtained 
in  subsequent  researches  tend  to  confirm  him  {see  Spitzer  ("^))  in  the 
behef  that  the  oxidizing  ferments,  especially  of  the  animal  organism, 
are  substances  of  the  same  nature,  viz.,  nucleoproteids,  and  that  cer- 
tain of  these  owe  their  activity  as  oxygen-exciters  to  the  organic 
iron  which  they  contain. 

On  the  other  hand,  Abelous  and  Biarnes  C'  ^)  observed  that  cer- 
tain globuhns  have  the  power  to  oxidize  guaiacum,  but  are  A\athout 
action  on  sahcyhc  aldehyde,  and,  as  already  pointed  out,  Raudnitz  (^^*) 
proved  that  the  substance  in  milk  which  causes  the  bluing  of 
guaiacum  in  the  presence  of  hydrogen  peroxide  is  not  identical  with 
that  which  catalyzes  the  hydrogen  peroxide.  It  was  also  pointed  out 
by  Lepine  C^''^)  and  also  by  Jacoby  C'^)  that  the  glycolytic  ferment 
differs  from  the  oxidizing  ferment  oxidizing  salicylic  aldehyde  in 
several  respects,  especially  in  regard  to  the  effect  of  temperature  on 
the  two  ferments,  the  glycolytic  ferment  being  destroyed  at  58°  C, 
whereas  the  oxidizing  ferment  under  consideration  is  only  destroyed 
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at   100°  C.     This  last  observation  was    confirmed    by  Jacoby  C^^). 
From  these  and  other  obser^^ations  Jacoby  ("^)  came  to  the  conclu- 
sion that  several  oxidizing  ferments  occur  in  the  liver,  so  that  accord- 
ing to  tliis  author  it  seemed  no  longer  advisable  to  refer  to  the  fer- 
ment capable  of  oxidizing  saUcyhc  aldehyde  merely  as  an  oxidation 
ferment.     He    therefore    adopted   Bertrand's   nomenclature    in    the 
naming  of  these  substances,  designating  as  aldehydase  the  ferment 
or  ferments  of  the  hver  found  to  be  capable  of  oxidizing  aldehydes, 
and  giving  the  name  salicylase  to  the  particular  ferment  concerned 
in  the  oxidation  of  salicylic  aldehyde  (see  Jacoby  (--^)). 
y    In  order  to  obtam  a  water-clear  solution  of  the  ferment  having 
\J^powerful   oxidizing   powers,  Jacoby  C")  recommends   the  following 
method  of   preparation:   Fresh  beef  liver  is  put  through  a  sausage 
'^  ^    machine  and  then  mbbed  up  with  quartz  sand,  and  the  paste  thus 
obtained  mixed  with  some  distilled  water.     Toluene  is  added  and 
the  mixture  allowed  to  stand  several  hours  with  vigorous  shaking; 
the  mass  is  then  filtered.     The  dark,  clear  liquid  thus  obtained  is 
then  saturated  with  ammonium  sulfate  to  the  extent  of  25  i)er  cent 
and  the  fluid  rendered  weakly  alkaline  with  sodium  carbonate,  so 
that  after  saturation  with  ammomum  sulfate  the  licpiid  generally 
smells  of  ammonia.     In  about  twenty-four  hours  a  small  amount  of 
])reci])itate  is  produced  in  the  liquid,  which  is  then  iiUered  oiT.     The 
filtrate  is  then  saturated  to  the  extent  of  33^  i)er  cent  with  common 
salt,  and  after  twenty-four  hours  the  precipitate  is  again  removed 
by  filtration.     The  clear,  dark-colored  li((uid  is  tlien  saturated  to  the 
extent  of  60  per  cent  with  ammonium  sulfate,  with  tlie  result  that 
a  heavy  precipitate  is  obtained  which  retiuires  about  twenty-four 
hours  to  settle  out  completely.     Tliis  preciiMtate,  whicli  cimtains  the 
aldchydase,  is  then  fiUercd  oil",  washed  with  00  per  cent  ammonium 
sulfate  solution,  and  then  taken  uj)  with  distilled  water,  in  which  it 
only  partially  dissolvi^s.     After  several   hours  the  acjueous  solution 
is  iilt(U('d.  and  95  ])cr  cent  alcohol  gradually  added  to  the  clear  iil- 
trate,  until  a  good  iilterable  precipitate  is  obtained.     As  a  general 
thing  sullicient  '.)5  ])er  cent  alcohol  has  to  be  added  to  bring  the  con- 
centration of  the  alcohol  in  the  whole  li([uid  up  to  about  .30  per  cent. 
The  solution  coiilaining  the   |)r(M'i|)itate  is  then  fdtercd.     The  pre- 
cij)itat(^  is  then  extracted  live  or  six  times  with  distilled  water  con- 
taining a  few  drops  of  dilute  soda  .solution,  and  the  extracts  united. 
As  n  iiilt>  the  fenneiit  is  most  completely  extracted  by  allowing  the 
finely  divided  |)reei|)itate  to  stand  over  night  with  water.     The  bright 
cl(Mir  li(|uid  thus  obtained  is  still  found  to  contain  protein.      It  is  then 
made  faintly  alkaline  with  soda  and  uranyl  acetate  added  until  a 
filterable  j^reeipitate  is  obtained,  which  is  then  handled  in  jirecisely 
the  same  way  as  the  alcoholic  precipitate.     There  is  thus  obtained 
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finally  a  water-clear  liquid  which  vigorously  oxidizes  salicylic  alde- 
hyde and  which  now  gives  none  of  the  protein  reactions. 

The  ferment  thus  obtained  is  soluble  in  w^ater  and,  as  has  been 
pomted  out,  can  be  salted  out  with  ammonium  sulfate.  It  is  practi- 
cally nondialyzable.  In  spite  of  its  great  solubility  in  water,  the 
ferment  is  not  removed  from  the  liver  by  intensive  washing  out  of  the 
circulatory  system  with  0.7  per  cent  salt  solution.  At  a  pressure  of 
six  atmospheres  the  ferment  passes  through  the  Chamberland  filter. 
The  aldehydase  was  found  by  Jacoby  to  be  perceptibly  soluble  in  20 
per  cent  alcohol,  but  insoluble  in  concentrations  equal  to  or  greater 
than  30  per  cent.  It  is  also  precipitated  from  its  solutions  by  tan- 
nin. With  dilute  solutions  of  the  ferment  the  Millon  and  biuret 
tests  were  found  to  be  negative.  Aldehydase  was  found  to  lose  its 
oxidizing  power  on  boiling  or  by  treatment  with  small  amounts  of 
free  acid  or  alkali.  Toward  salts  it  conducts  itself  much  like  a  glob- 
ulin, and  yet  at  the  concentration  at  which  it  vigorously  oxidizes 
salicylic  aldehyde  it  does  not  give  the  protein  reactions. 

That  aldehydase  is  a  ferment  is  indicated  by  the  fact  that  it  is 
not  consumed  in  the  oxidations  which  it  can  accomplish,  but  can 
react  with  fresh  quantities  of  the  oxidizable  substance.  Thus  Jacoby 
allowed  a  clear  extract  of  liver  to  act  upon  salicylic  aldehyde  for 
forty-eight  hours,  at  the  end  of  which  time  small  portions  of  the 
liquid  gave  an  excellent  test  for  salicylic  acid.  The  main  portion 
of  the  liquid  was  then  dialyzed  against  water  for  three  days  and  the 
ferment  was  then  salted  out  with  ammonium  sulfate  and  the  pre- 
cipitate dissolved  in  water.  Two-thirds  of  this  solution  alone  gave 
no  test  for  salicylic  acid  after  seventy-two  hours'  digestion,  whereas 
another  portion  digested  with  salicylic  aldehyde  gave  an  abundant 
test  for  salicylic  acid. 

In  addition  to  the  above-mentioned  researches,  aldehydase  has 
formed  the  subject  of  numerous  investigations  during  the  past  fif- 
teen yeare,  among  which  may  be  mentioned  those  by  Salkowski  and 
liis  coworkers.  Abelous  and  Biarnes,  Medwedew,  and  others.  The 
occurrence  and  distribution  of  the  ferment  in  various  animal  tissues 
has  been  studied  by  Salkowski  and  b}^  Salkowski  and  Yamagiwa, 
and  also  by  Abelous  and  Biarnes.  In  oxidizing  power  toward 
salicylic  aldehyde,  Salkowski  and  Yamagiwa  C^")  found  certain 
animal  organs  to  stand  in  the  following  order: 

Liver  =  100.  0 
Spleen  =  80.4 
Kidney  =  15. 5 
Pancreas  =  2.  0 
Muscle  =  1. 0, 
11670— Bull.  59—10 7 
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whereas  Abelous  and  Biames  (!')  arranged  the  tissues  in  the  follow-  | 
ing  order  with  regard  to  their  activity  toward  salicylic  aldehyde: 

1.  Spleen. 

2.  Lung. 

3.  Liver. 

4.  Thyroid. 

5.  Kidney. 

6.  Thymus. 

7.  Suprarenal. 

8.  Testicle. 

According  to  these  authors  muscle,  pancreas,  and  brain  are  inca- 
pable of  oxidizing  salicylic  aldehyde.  Medwedew  (-«')  studied  the 
kinetics  of  the  oxidation  of  salicylic  aldehyde  by  extracts  of  various 
organs  and  has  found  that  the  quantity  of  salicylic  aldehyde  oxidized 
is  proportional  to  the  square  of  the  concentration  of  the  ferment,  and 
inversely  proportional  to  the  square  root  of  the  concentration  of  the 
aldehyde. 

One  of  the  most  interesting  facts  disclosed  by  these  investigations 
is  that  the  oxidation  of  the  aldehyde  by  aldehydase  is  independent 
of  the  presence  of  atmospheric  oxygen.  Thus  in  certain  of  his  experi- 
ments Medwedew  C^'')  found  the  following  amounts  of  salicylic  acid 
to  be  produced  (1)  during  aeration,  and  (2)  in  the  absence  of  air: 


No.  of  experiment. 

Amount  of  salicylic  acid 
found,  in  milligrams. 

(1)  Aerated. 

(2)  In  absence 
of  air. 

1 

9 

85 
118 

83 
115 
78 

3 

80 

It  will  l)e  ()])seived  that  the  differences  l)etween  the  several  amounts 
of  salicylic  acid  formed  in  the  two  cases  are  very  small  and  aie  ]irol)al)ly 
within  the  limits  of  exjierimental  error,  and  yet  in  ex})eiiment  No.  3 

(1)  was  subject  to  a  contiinious  eunent  of  air  for  16  liours,  wliereas 

(2)  remained  without  aeration,  and  i)t)rtion  (2)  of  expeiiment  No.  2 
was  kept  in  a  iiermetically  sealed  vessel.  Similaily  it  has  been  shown 
bv  Ai)elous  and  Aloy  (')  that  the  oxidation  of  salicylic  acid  by  various 
organs  |)roceeds  more  rajiidly  in  a  vacuum  than  in  the  presenc(>  of  air. 
In  fact,  according  to  these  authors,  liberal  supj)lies  of  free  oxygen 
diminish  the  rate  of  oxidation  veiy  consideiably  and  may  even  sup- 
])ress  it  altog(>tlici-.  'Flies*'  aulliors  urc  of  the  opinion,  t  hei-efoi-e,  that  in 
such  oxidations  as  take  place  in  a  vacuum  the  oxygen  necessary  for 
(lie  oxidation  is  furnished  by  certain  oxygen  compounds  which  aie 
dissocii'ted  liy  the  oxidizhig  ferment.     In  other  words,  such  processes 
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as  the  oxidation  of  salicylic  aldehyde  under  the  influence  of  aldehy- 
dase  partake  of  the  nature  of  anaerobic  fermentations,  and,  as  is  well 
known,  the  oxygen  required  for  the  latter  processes  is  furnished  by 
various  oxygen-containing  substances  participating  in  the  fermenta- 
tion. In  this  connection  it  is  interesting  to  recall  that  Traube  pro- 
vided for  such  cases  in  his  general  theory  of  fermentation.  According 
to  this  distinguished  observer  the  oxygen  of  water  might  under  cer- 
tain conditions  be  transferred  to  the  oxidizable  substance  by  means 
of  a  ferment,  and  in  the  fermentation  of  a  compound  like  sugar  the 
oxygen  present  in  one  part  of  the  molecule  might  be  transferred  to 
another  part  of  the  molecule,  thereby  giving  rise,  after  sphtting,  to 
one  substance  richer  in  oxygen  than  the  original,  and  to  another 
poorer  in  this  element.  Such  a  change  is  met  with  in  the  breaking 
up  of  glucose  into  carbon  dioxide  and  alcohol  by  yeast.  It  is  inter- 
esting to  note  in  tliis  connection  that  similar  changes  have  been  met 
with,  among  inorganic  substances;  thus, when  an  aqueous  solution 
of  phosphorous  acid  is  heated,  phosphoric  acid  and  phosphine  are 

produced — 

4H3P03  =  3H3PO,+PH3 

Whether  water  actually  participates  in  such  changes  is  at  present 
unknoAVTi.  In  my  opinion  these  simple  processes  would  warrant 
further  investigation  from  the  point  of  view  of  anaerobic  fermentation. 

In  this  connection  Abelous  and  Gerard  {^'^'^)  have  showTi  that 
extracts  of  various  animal  tissues  have  the  power  of  reducing  nitrates 
to  nitrites.  So  also  it  was  afterwards  found  by  Abelous  (^)  that  the 
juice  of  the  potato  can  also  reduce  nitrates,  but  is  incapable  of  oxi- 
dizing salicylic  aldehyde.  On  adding  a  small  amount  of  potassium 
chlorate,  however,  the  aldehyde  is  oxicUzed  at  the  same  time  that  the 
chlorate  is  reduced.  This  property  of  the  juice  is  not  lost  on  boiling. 
In  some  respects  these  reactions  are  similar  to  those  investigated  by 
Kastle  and  Elvove  C^'').  These  authors  also  observed  that  the  aque- 
ous extract  of  the  potato  has  the  power  of  reducing  nitrates  to  nitrites 
and  that  in  the  presence  of  certain  readily  oxicUzable  organic  com- 
pounds, such  as  formic  aldehyde  and  benzyl  alcohol,  the  quantities 
of  nitrite  formed  are  greatly  increased.  On  boiling,  the  aqueous 
extract  of  the  potato  loses  its  power  to  reduce  nitrates  even  in  the 
presence  of  readily  oxidizable  substances.  All  of  these  facts  point 
to  the  presence  in  the  potato  and  in  animal  tissues  of  certain  fer- 
ments which  have  the  power  of  effecting  the  transfer  of  oxygen  from 
a  substance  rich  in  this  element,  such  as  the  chlorate  or  nitrate,  to 
an  easily  oxi(liza))lo  substance.  According  to  Abelous  C)  these  are 
the  oxido-reducing  ferments. 

Dony-IIenault  and  Mile.  J.  van  Duuren  ("')  have  recently  investi- 
gated the  oxidation  of  salicylic  aldehyde  by  means  of  aqueous 
extracts  of  calf's  liver.     According  to  these  observers  the  methods 
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for  tlve  estimation  of  salicylic  acid  are  far  from  exact.     In  their  own  ; 
work  they  adopted  the  method  of  Ehon  of  estimating  the  sahcylic 

acid  formed  during  the  oxidation  by  means  of  bromine.     They  have  j 

also  arrived  at  the  conclusion  that  the  sahcyhc  acid  appears  to  com-  ; 

bine  in  part  at  least  with  certain  substances  present  in  the  extracts  J 

and  hence  would  be  likely  to  escape  detection  in  most  of  the  methods.  , 

They  agree  ^vith  Abelous  and  Aloy  0)  that  the  acid  is  only  produced  j 

rapidly^in  the  absence  of  oxygen.     The  quantity  of  salicyhc  acid  j 

produced  in  a  given  time  also  varies  with  the  concentration  of  the  j 

aldehyde  and  the  amount  of  extract  employed,  the  former  being  the  i 

preponderating  factor  in  determining  the  velocity  of  the  reaction.  ; 

They  observed,  further,  that  the  oxichzing  power  of  extracts  of  the  j 

liver  diminishes  spontaneously  when  such  extracts  are  left  to  them-  j 

selves,  especially  at  higher  temperatures.     According  to  these  authoi-s,  ; 
the  results  thus  far  reached  in  the  study  of  tliis  oxidation  do  not 

warrant   the  conclusion  that   the  oxidation  in  question  is   accom-  ■ 

plished  by  a  ferment  acting  in  the  absence  of  air.     About  all  that  j 

can  be  said  is  that  a  certain  amount  of  oxidizing  material  is  present,  \ 

but  this  being  hmited  tlie  amount  of  sahcylic  aldehyde  oxidized  by  i 

a  given  quantity  of  extract  is  also  limited,  wliile  the  oxidase  is  a  true  : 

catalyst,  pr()l)ably  of  a  mineral  nature,  and  as  such  ought  to  be  able  \ 

to  accomplish  the  oxidation  of  practically  unlimited  quantities  of  1 

material.     According  to  these  authors  the  presence  of  such  sul)stances  \ 

has  not  been  proven  in  such  animal  extracts  as  those  under  inimechate  i 

consideration,  nor  is  it  necessary  to  assume  their  presence  in  order  to  ' 

account  for  the  phenomena  observed.  ■ 

V  THE  INDOPHENOL  OXIDASE:  THE  ROHMANN-SPITZER  REAGENT.  j 

In  his  study  of  the  oxygen  requirements  of  the  organism  it  was  ' 
shown  by  Ehrlich( '"),  in  lSS."i,  that  the  intravenous  injection  of  a-  i 
na])litlioi  and  para-phenylene  diaiiiin  results  in  the  formation  of  indo-  j 
phenol  in  the  tissues  of  the  animal.  So  also  Wiirster  ( ^"")  .showed  \ 
that  di-  and  tetramethyl-iiara-]>h(>nylene  diamin  are  reagents  for  i 
active  oxygen,  and  that  in  [ho  animal  organism  these  substances  are  | 
converted  into  blue  coloring  matters.  Acting  u])on  these  suggestions,  a 
Kohmann  and  Spitzer(^''M  hav(>  \mu\o  use  of  a  reagent  consisting  of  j 
(M|ual  amounts  of  a-na])litliol  and  para-phenylene  diamin.  in  a  | 
dilute  solution  of  sodium  carbonate  (three  molecules  of  sodium  car-  i 
bonate  to  on(>  molecule  of  each  of  the  organic  com])ounds\  for  the  | 
investigation  of  the  oxidizing  i)owci-  of  th(>  various  animal  tissues.  I 
Various  other  related  substances  can  be  employ(Ml  in  the  i)reparation  i 
of  the  reagent  ;  thus  (liinclhyl-parn-phenylene  diamin(  '■'•')  can  be  u.sed  ! 
instead  of  para-|)hcnylcn(>  diamin.  They  also  showed  that  other 
coloring  matt(>rs  nvsult  from  the  oxidation  of  suitable  mixtures  by  ' 
the  action  of  various  animal  ti.ssues.     Thus  they  succeeded  in  show- 
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ing  that  certain  indamines  like  toluene-blue  result  from  the  oxida- 
tion of  meta-toluene  diamin  and  para-phenylene  diamin,  and  Bind- 
Bchedler's  green  from  dimethyl-para-phenylene  diamin  and  dimethyl- 
anilin,  and  that  the  synthesis  of  various  eurhodins  may  be  accom- 
I)lished  in  the  same  manner.  An  easy  method  of  demonstrating  such 
reactions  consists  in  placing  a  small  amount  of  an  animal  tissue, 
such  as  the  liver,  on  a  test  paper  which  has  been  prepared  with  the 
two  chromogenic  components  of  the  dye.  If,  for  example,  a  small, 
amount  of  fresh  liver  be  placed  upon  a  test  paper  which  has  been  sat- 
urated with  a  sodium  carbonate  solution  of  a-naphthol  and  para- 
l)henylene  diamin,  the  place  on  the  paper  occupied  by  the  tissue  is 
soon  deeply  colored,  whereas  the  other  portions  of  the  paper  show 
only  a  slight  coloration.  According  to  these  authors,  the  change  in 
question  is  represented  by  the  following  equations : 

r\  TT  "N7tJ 

1.  CeH,(NH,),  +  CioH,OH  +  0  =  NH/   '    '^      '  +  HA 

\CioHeOH 

and 

2.  NH<  +0  =  N<  +HA 


Thus  one  atom  of  oxygen  goes  to  effect  the  synthesis  of  the  leuco 
compound  and  a  second  atom  to  effect  the  oxidation  of  the  leuco 
compound  to  the  coloring  matter.  When  the  solution  of  the  chro- 
mogens  is  allowed  to  stand  in  contact  with  atmospheric  oxygen,  the 
coloring  matter  is  formed  only  slowly  in  the  presence  of  alkalies; 
when  the  animal  tissue  is  added  the  process  is  greatly  accelerated. 
It  was  shown  by  these  authors  that  these  oxidations  are  most  readily 
accomplished  by  extracts  of  cells,  the  body  fluids  and  secretions  being 
comparatively  inactive.  In  this  respect  the  change  is  analogous  to 
the  destruction  of  glucose,  a  change  which  is  readily  accomphshed  by 
extracts  of  red  and  white  blood  cells  in  physiological  salt  solution,  but 
not  by  blood  sermn.  They  reached  the  conclusion,  therefore,  that 
the  oxygen  exciters  responsible  for  these  oxidations  are  contained 
only  in  the  cells.  That  such  is  the  case  is  evident  also  from  the  con- 
(hictof  such  extracts  and  secretions  toward  guaiacum  and  hydrogen 
l)eroxide.  Extracts  of  red  blood  cells  blue  a  mixture  of  guaiacum 
and  hydrogen  peroxide  instantaneously,  whereas  the  blood  serum 
causes  no  change  of  color,  or  if  it  acts  at  all  it  does  so  very  feebly. 
While  they  knew  nothing  of  the  particular  cell  components  resi)on- 
sihlo  for  these  changes,  they  seemed  to  think  that  their  observations 
furnished  evidence,  hitherto  wanting,  of  a  single  oxidizing  ferment. 
By  precipitating  the  macerates  of  fresh  organs  with  alcohol  and 
washing  tlie  ])recii)itate  thus  ol)tained  with  alcoliol  and  ether,  they 
obtained  dry  i)owders  wliich  retained  their  oxidizing  i)owers  for  a 
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year,  whereas  the  alcohol  extracts  were  found  to  be  inactive.  A  com- 
parison of  the  different  organs  showed  that  they  activated  oxygen 
toward  these  reagents  with  different  degrees  of  intensity.  ^Vs  a  rule 
they  were  found  to  be  energetic  oxygen  carriers,  accomi)lishing  these 
oxidations  more  rapidly  than  they  were  brought  about  by  ])allailium 
foil  or  palladium-hydrogen.  P'inally,  these  authors  called  attention 
to  the  general  similarity  between  the  synthesis  of  indojjhenol  and 
similar  dyes  with  that  of  bromphenol  cystein,  which,  according  to 
Baumann,  results  from  the  administration  of  brom-benzene  to  dogs. 
They  arrived  at  the  conclusion  therefore  that  the  cells  of  aninud 
tissues  contain  substances  which  have  the  ])ower  of  activating  molecu- 
lar oxygen,  whereby  it  can  accom])lish  the  oxidation  of  substances 
not  ordinarily  directlj^  oxidizable  (diisoxi/dahler  Stoff'e).  They  pro- 
test, however,  against  the  supposition  that  the  oxidation  of  all  dilli- 
cultlv  oxidizable  substances  in  the  organism  de])ends  on  the  action  of 
oxygen-carriers. 

The  indophenol  oxidase  is  by  no  means  confined  to  animal  tissues.  , 
Mention  has  already  been  made  of  the  work  of  Pohl(='^**)  on  this  sub-  * 
ject.  This  author  found  that  many  i)lant  tissues  react  strongly  to  the 
K6hmann-S])itzer  reagent.  Especially  is  this  the  case  with  tannin 
needles.  He  also  pointed  out  that  the  reaction  is  also  brought  about 
by  amygdalin,  ai)])arently  altogether  inde])endently  of  the  action  of  an 
oxidase.  It  is  possible,  of  course,  that  his  amygdalin  may  have  been 
contaminated  with  a  vegetable  oxidase.  Rey-Pailhade  (^^-)  also 
found  the  indo])henol  oxidase  to  be  wiilely  distributed  among  ])lants, 
and  according  to  this  author  yeast  reacts  feebly  to  the  Kohmann- 
Spitzer  reagent.  Abelous  and  Biames  ( '^)  have  determined  the  oxi- 
dizing power  of  various  tissues  from  the  same  and  different  animal 
s])ecies,  colorimetrically,  by  means  of  the  Kohniann-SpitZ(>r  reagent. 
According  to  these  authors,  the  tissues  of  the  frog  and  ral)l)it,  the  latter 
killed  l)y  bleeding,  stand  in  the  following  order  with  regard  to  oxi- 
dizing ))ower: 

Frog.  Kabbit. 

Lung.  Spleen.                                                                           ■ 

Liver.  Lunp;  and  tliymid.                                                          M 

Kidney.  Liver  and  kidney. 

Testicle.  Pancreas  and  su])rareiials. 

Brain.  Ovary. 

Muscle.  lirain. 
Muscle. 

It  will  be  observed  that  there  is  giMUU'al  agreement  ])etwe(Mi  these 
lindings  and  those  of  the  same  authors  and  also  of  Salkowski  with 
regard  lo  the  relative  oxidizing  pow  (M-  of  the  vai'ious  animal  tissiu's 
towai'd    salicylic    aldehyde    (see  |)p.  !)7-!>S). 

One  of  the  most  interesting  facts  icNcaled  by  these  determinations 
is  the  slight  oxidizing  |)o\\(m-  of  muscle  ;ind  nei\'e  ti.ssiie  as  compaiccl 
with    that    i>f  other   animal    t  issiies.,and,  as    pointed    (Mil    by    Aheloiis 
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and  Blarnes  (^) ,  this  is  all  the  more  remarkable  when  it  is  borne  in 
mind  that  the  muscular  system  is  the  seat  of  very  powerful  exothermic 
reactions.  In  this  connection  it  has  been  observed  by  Kastle  i^*") 
that  extracts  of  muscle  and  brain  greatly  retard  the  oxidation  of  an 
alkaline  solution  of  phenolphthalin  by  blood,  and  it  may  be,  as  sug- 
gested by  him  in  explanation  of  his  own  results,  that  muscle  and 
nerve  tissues  may  be  unusually  rich  m  pow^erful  reducing  agents  which 
would  interfere  with  the  oxidation  of  all  extraneous  oxidizable  mate- 
rial. The  occurrence  and  distribution  of  various  intra-ceilular  fer- 
ments, including  the  indophenol  oxidase,  has  been  studied  by  Rosell  C^^) 
with  the  following  results.  In  the  table  the  presence  of  the  ferment 
is  indicated  by  the  sign  (  +  )  and  its  absence  by  the  sign  (-). 

Intra-cellular ferments  in  beef  tissues  {Bosell). 


Organ. 


Pancreas 

Salivary  glands 
Lymph  glands. 

Spleen 

Bone  marrow.. 

Thymus 

Lacteal  glands. 

Muscle 

Lung 

Brain 

Suprarenals . . . 

Testicle 

Kidney 


Aldehy- 
dase. 


Indophe- 
nol 
oxidase. 


Catalase. 


Trypsin. 


Pepsin. 


The  presence  of  the  guaiacum-oxidase  could  not  be  established  with 
certainty. 

THE  PURIN  OXIDASES   (XANTHIN-OXIDASE). 

It  has  long  been  knowm  that  on  a  flesh  diet  alone  the  ratio  of  urea 

to  uric  acid,  — . ^j,  in  the  urine  is  fairly  constant,  varying  from 

uric  acicl 

45    to  65.     On   the  other  hand   it   was   pointed  out  by  von  Noor- 

den  fi^)  that  on  different  diets  it  is  subject  to  enormous  variations, 

even  in  the  same  individual.     Thus  in  some  of  his  cases  it  ranged 

from  23.2  to  122.4.     So  also  by  feeding  milk,  ])eptone,  and  vegetable 

proteid.  Camerer  C*^*)  was  able  to  double  the  total  nitrogen  secreted 

without   causing  any  increase  in  the  output  of  uric  acid.     On  the 

other  hand  it  was   pointed   out  by  Kossel  C''-'^)  that  those  foodstufls 

which  cause  an  increase  in  the  excretion  of  uric  acid  contain  much 

larger  amounts   of  hypoxanthin   than    human   muscles.     Thus   the 

muscles  of  the  hen  and  ])igeon  contained  over  0.1  of  hypoxanthin  per 

100  grams  of  moist  muscle,  whereas  the  muscles  of  man  contained 
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only  0.039  to  0.048  g^ram.  It  was  afterwards  shovm  by  Weintraiid 
("5)  that  follow^ing  a  diet  rich  in  nucleins,  as  for  example,  the  calf's 
thymus,  the  uric  acid  in  the  urine  is  considerably  increased,  whereas 
iiccordincj  to  Hess  and  Schmoll  C")  a  similar  increase  in  the  uric 
acid  does  not  follow  a  nuclein-free  proteid  diet. 

On  the  other  hand  it  is  of  interest  to  note  in  this  connection  that 
uric  acid  itself  can  be  destroyed  to  a  certain  extent  in  tlie  orijanism, 
and  that  following  the  administration  of  uric  acid  by  the  mouth  in 
men  and  dogs  only  a  small  part  of  it  is  recoverable  from  the  urine 
(see  Minkowski,''*'').  It  has  also  been  sho\\-n  by  Minkowski  that  hypo- 
xanthin  causes  a  distinct  increase  in  the  output  of  uric  acid,  and  that 
meat  extract  which  contains  considerable  amounts  of  this  substance 
has  a  similar  influence  (m  tlie  uric  acid  excretion.  That  certain  purin 
bases  are  formed  by  the  decomposition  (autolysis)  of  the  nucleins 
was  shown  by  Horbaczewski  (^*^'  ^^^).  This  author  allowed  a  mixture 
of  spleen  pulp  and  water  to  stand  at  50°  C.  From  this  slightly 
putrid  mixture  he  was  able  to  isolate  large  amounts  of  xanthin 
and  liypoxanthin,  whereas  from  the  fresh  extract  of  spleen  only 
traces  of  these  purins  were  obtainable.  After  shaking  the  sliglitly 
putrid  mixture  with  air  he  obtained  no  xantliin  or  In'poxanthin, 
but  onlj'  uric  acid.  Similar  results  were  obtained  by  adding  blood 
or  hydrogen  peroxide  to  the  slightly  putrid  spleen  j)ulj).  It  is  evi- 
dent from  these  results  that  the  nucleins  of  the  spleen  are  the  precur- 
sors of  the  purins. 

On  repeating  Ilorbaczewski's  work,  SjMtzer  ('"")  showed  tliat  uric 
acid  is  formed  in  aqueous  extracts  of  spleen  pulp  through  which  is 
passing  a  current  of  air  and  in  which  putrefaction  is  i)revented  by 
chloroform  or  thymol,  and  that  contrary  to  the  opinion  of  Horbac- 
zewski, xanthin  and  hypo::anthin  can  be  readily  converted  into  uric 
acid  by  the  action  of  a  current  of  air  on  an  aqueous  extract  of  sj^leen 
ccmtaining  these  substances  at  50°  C.  Similar  results  were  obtained 
with  tlu^  liver.  Init  other  organs,  snch  as  the  kidney,  pancreas,  and 
thymus,  were  found  to  be  much  less  active  in  their  power  to  accom- 
plish this  oxidation.  Similar  results  were  obtained  by  Wilner  C^-), 
who  arrived  at  tlui  conclusion  that  in  the  liver,  not  (mlv  of  birds  but 
also  of  ((Mtain  mammals,  there  are  j)ro(lii((*(l  large  amounts  of  uric 
acid.  He  also  .showed  that  the  addition  of  hyj)oxanthin  to  liver 
extracts  causes  a  great  increa.sc  in  the  (juantity  of  uric  acid  obtain- 
able from  the  extract. 

Evidently,  therefor«\  the  oxidatiim  of  xanthin  and  hypoxanlhin 
is  accomplished  ///  rivo  and  in  ivtro  thnnigli  the  instrumentality  of 
an  oxidizing  ferment.  This  ferment  has  been  made  the  subject  of 
an  exhaustive  investigation  by  Rurian  C"^)  and  named  by  him  .rnn- 
thin-oridasc.  By  following  S|)itzer's  method  and  using  one  i)art 
of  macerated  liver  to  two  parts  of  chlorofoini  water  lie  was  able 
to   iibtaui    dear   extract*;   of   xanthin-oxidasc^  containing    onlv  very 
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small  amounts  of  purin  bases.  On  digestion  in  a  current  of  air  these 
extracts  alone  gave  practically  no  uric  acid.  They  were  found,  how- 
ever, to  oxidize  xanthin  and  hypoxanthin  rapidly  in  a  current  of  air. 
By  means  of  these  preparations  of  xanthin-oxidase  he  was  able  to 
confirm  the  previous  observations  of  Spitzer  and  Wilner  and  to  show 
that,  as  is  the  case  with  many  ferments,  the  conversion  of  xanthin 
and  hypoxanthin  under  the  influence  of  the  ferment  is  a  reaction  of 
the  first  order.  He  showed  also  that  the  xanthin-oxidase  is  not  con- 
sumed in  the  process,  but  is  capable  of  oxidizmg  fresh  quantities  of 
xanthin  and  hypoxanthin  in  the  presence  of  oxygen.  Hence  it 
would  seem  to  be  a  true  ferment.  This  is  evident  from  the  fact  that 
no  noteworthy  falling  off  in  the  coefficient  of  the  velocity  of  the 
reaction  was  observable. 

On  the  other  hand,  the  reverse  process,  viz,  the  reduction  of  uric 
acid  to  other  purin  bodies  does  not  take  place  to  any  noticeable 
extent.     He  is  of  the  opinion  therefore  that  xanthin-oxidase  is  respon- 
sible for  the  production  of  uric  acid  from  purm  bases  in  the  living 
animal.     Contrary    to    the    observations    of   Wilner  ("■^)    he    found 
that  in  the  absence  of  purin  bases,  tartronic  and  dialuric  acids  cause 
no  production  of  uric  acid  with  his  extracts  of  xanthin-oxidase.     He 
concludes  therefore  that  these  substances  can  act  only  by  accelerat- 
ing the  action  of  the  xanthin-oxidase  on  purin  bodies  already  present 
in^the  liver  extracts.     Neither  can  xanthin-oxidase  convert  guanin 
or  adenin  directly  into  uric  acid,  but,  as  has  been  found  by  Jones  and 
Austrian  C'"'  ^''),  these  substances  must  first  be  desamidized  by  the 
action  of  guanase  and  adenase,  whereby  they  are  converted  into 
xanthin  and  hypoxanthin,  respectively,  before  their  oxidation  into 
uric  acid  can  occur.     The  occurrence  and  distribution  of  these  fer- 
ments have  been  exhaustively  studied  by  Jones  and  Austrian  C^"-  '^') 
and    also    by  Schittenhelm  e«-^)  and  others.     A  very  good   idea  of 
their  distribution  in  the  liver  of  various  animals  is  afforded  by  the 
following  diagram,  which  is  given  in  certain  of  Jones's  original  con- 
tributions to  the  subject: 

Guanin  Adenin 


Uric  Acid 

M 


▼  O 
Xanthin 


-73 


Hypoxanthin 


< < — 

Ox  Livor. 


Xanthooxidase 


T               T 
< < 

Pig's  Liver. 


T  T 

< < 

Ral)l)it's  Liver. 


T  1 

<  <   

Dog's  Liver. 
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In  the  above.  clia<2:nim  the  sohd  bhick  Hues  indicate  the  presence 
of  the  ])articuhir  ferment  to  which  it  appertains,  whereas  the  dotted 
lines  indicate  tlie  absence  of  the  ferment;  the  first  diagram  expkiins 
the  four  that  follow. 

It  is  evident  from  these  results  that  the  i)roduction  of  uric  acid 
from  xanthin  or  hypoxanthin  takes  place  directly  as  the  result  of  the 
cond)ined  action  of  the  xanthin-oxidase  and  molecular  oxvgen,  whereas 
it  can  only  l)e  formed  fromguanin  and  atlenin  l)y  inevious  desamidiza- 
tion  through  the  action  of  guanase  and  atlenase,  respectively,  which 
Ix'long  to  the  grou])  of  hydrolytic  ferments. 

Reference  has  been  made  repeatedly  to  the  wide  distribution  in 
nature,  especially  in  the  ])lant  kingdom,  of  oxidases  of  the  type  of 
laccase.  \Miether  these  represent  merely  s])ecial  occurrences  of 
laccase  or  whether  they  are  really  distinctly  tliflPerent  oxidases  can 
not  be  determined  in  the  present  state  of  our  knowledge.  So  far  as 
one  can  judge  from  the  experimental  evidence  now  at  hand  it  would 
seem  })robable,  however,  that  all  of  these  guaiacum-bluing  vegetable 
ferments  are  i)ratically  indentical  with  laccase,  and  it  is  doubtful  if 
there  is  much  to  be  gained  by  the  introduction  of  these  new  names, 
which  after  all  only  serve  to  tell  something  with  regard  to  a  s])ecial 
occurrence  of  the  ferment  without  throwing  any  light  on  differences 
in  properties,  if  such  exist.  On  the  other  hand,  Sarthou  (•■'■''•  •'•^8)  is 
inclined  to  the  opinion  that  the  oxidases  are  distinc-t  sul)stances 
which  can  not  replace  one  another  in  the  changes  which  they  bring 
about. 

Irrespective  of  these  differences  of  opinion,  however,  tlie  following 
additional  facts  pertaining  to  their  occurrence  are  of  interest. 

Aso  foimd  oxidases  in  tea  C"")  and  in  kaki  fruit  C');  Loew  ("") 
found  them  in  tobacco,  and  Carles  ("")  in  valerian;  they  have  been 
found  in  the  grapevine  by  Cornu  C'^),  in  plants  of  th(>  genus  Spirsea 
by  Beijerinck  {"),  and  in  the  vanilla  bean  by  Lecomte  ('-•*').  Accord- 
ing to  Breaudat  C'^)  indTgo-])ro(hicing  ])lants  contain  two  ferments, 
one  a  hydrolytic  en/yuie  and  tlic  other  an  oxichisc;  the  hitter  in  the 
]u-esenc(>  of  alkali  tiansforms  iuthgo-white  into  indigo-blue.  On  the 
other  hand  Bergtheil  ('")  was  unable  to  find  an  oxi(hise  in  the  in.hgo 
I'lnnt.  Boinxpielot  C")  has  proved  the  i)resence  of  oxichises  in  cer- 
tain Miethcinal  i)repaiations  an<l  in  certaiti  gums  such  as  gum  arabic, 
gum  senega!,  etc.  I .ejjinois  (■•■')  found  an  oxi<hts(>  in  aconite  and 
beUadnima.and  Va(h.in  ("«•  "»)  found  an  oxiihise  in  helleb.uv.  .Sini- 
ihirlv  oxi(hises  have  been  found  in  oleaginous  grains  l)v  Maze  ("'") 
and  in  digitalis  by  P>rissem()ret  an. I  .loann(>  (""). 

-Vs  IS  evident  from  wbat  has  ahead v  b(.en  set  forth  in  this  mono- 
graph, the  oxidnses  occur  abundantly  in  the  higher  fungi,  in  addi- 
tion to  this  thry  have  b.'en  found  in  dilferent  yeasts,  such  as  Saccham- 
nnjas    <llij>si,;<hus,    S.    anrlsia,    and    .S.    apiniltus.     According    to 
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Tolomei  C'^),  EfFront  0'''),  and  Buchner  C°')  the  oxidases  of  these 
yeasts  oxidize  guaiacum  and  are  concerned  in  the  production  of  the 
bouquet  of  certain  wines.  To  these  also  are  attributable  the  dark- 
ening in  color  of  zymase  (expressed  yeast  juice)  on  exposure  to  the 
air,  and  also  the  rise  in  temperature  produced  when  large  amounts 
of  yeast  cells  are  exposed  to  the  air.  These  observations  by  Tolomei 
and  Effront  on  the  occurrence  of  oxidases  in  yeasts  have  been  con- 
firmed by  Gruss  i""'^),  only  this  author  found  these  oxidases  to  be  with- 
out action  on  guaiacum  or  hydroquinone.  On  the  other  hand,  like 
his  spermase,  they  were  found  to  be  capable  of  oxidizing  tetra-methyl- 
para-phenylene  diamin,  and  other  amino  compounds,  such  as  phenyl- 
hydrazin.  Hence  according  to  Gruss  the  yeast  oxidase  belongs  to 
the  class  of  amino-oxidases. 

Issajew  ('"'0  has  also  investigated  the  oxidases  of  yeast  and  has 
confirmed  the  work  of  the  earlier  observers  mentioned.  He  found 
that  the  oxidase  in  yeast  oxidizes  both  the  easily  oxidizable  sub- 
stances which  the  yeast  contains  and  also  other  easily  oxidizable 
substances,  such  as  the  polyphenols,  and  that  the  upper  yeast 
iOherhefe)  contains,  as  one  might  naturally  expect,  more  oxidase 
than  the  under  yeast  (  Unterliefe) . 

Various  bacteria,  such  as  the  bacillus  of  malignant  pustules  (Diet- 
rich and  Liebermeister(i^«),  and  the  colon  bacillus  (Roux  (^^^)),  have 
been  found  to  contain  oxidases.  The  oxidase  of  the  latter  was  found 
to  oxidize  hydroquinone,  gelatin,  peptone,  etc.,  with  the  production  of 
a  brown  pigment,  and  to  be  active  only  in  the  presence  of  oxygen. 
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Chapter  III. 
THE  PEROXIDASES  AND  CATALASES. 

In  addition  to  the  oxidases,  two  other  classes  of  enzymes  are  more 
or  less  immediately  concerned  in  the  oxidation  processes  occurring 
in  the  plant  and  animal.  These  are  the  peroxidases  and  catalases. 
These  have  been  found  to  have  even  a  wider  distribution  among 
living  cells  and  tissues  than  the  oxidases.  They  were  called  by  Bour- 
quelotC^)  the  '"indirect  oxidizing  ferments."  It  was  known  to 
Schoenbein  ('"'■■')  that  many  substances  of  animal  and  vegetable  ori- 
gin which  in  themselves  are  incapable  of  bluing  guaiacum,  acquire 
this  property  when  mixed  with  hydrogen  j)eroxide.  In  other  words, 
just  as  certain  extracts  and  tissues  have  the  power  of  rendering  active 
the  oxygen  of  the  air,  so  certain  others  possess  the  property  of  ren- 
dering active  the  oxygen  of  hydrogen  peroxide,  thereby  enabling  this 
compound  to  eflect  certain  oxidations  whicli  ordinarily  it  is  inca- 
pable of  bringing  about.  Thus  on  adding  a  small  amount  of  extract 
of  malt  to  a  mixture  of  guaiacum  and  hydrogen  peroxide  the  mixture 
rapidly  becomes  blue  in  color.  lie  also  made  the  interesthig  obser- 
vation that  many  plant  and  animal  tissues  aiid  the  extracts  thereof 
and  many  hydrolytic  ferments  have  the  power  of  effecting  the  de- 
composition of  hydrogen  peroxide  into  water  and  oxygen.  lie  seems 
to  have  regarded  tlie  power  to  render  active  the  oxygen  of  hydrogen 
peroxide  and  the  ])()wer  to  catalyze  this  substance  not  as  six'ciflc 
activities  of  any  given  substances  but  as  properties  pertaining  to  the 
ferments  as  a  class.  In  other  words,  the  power  to  oxidize  guaiacum 
by  means  of  hydrogen  ])eroxi(le  and  the  ])ower  to  decompose  the 
latter  substance  into  water  and  oxygen  were  looked  u])on  bv  liim 
siin])ly  as-.])i-()|)('rti('s  of  diastase,  enndsin.  niyrosin.  and  oilier  fer- 
ments. This  view  ])revailed  for  a  long  time  and  was  shared  by  others. 
Thus,  according  to  S])itzer  ('"'),  the  ])o\ver  to  (h'coni])ose  liydrogen 
])er()xi(le  is  a  measure  of  the  oxidizing  |)()\ver  of  various  animal  tis- 
sues. It  was  afterwards  shown  by  Ivaudnitz"  (■'■"*■  •'^"),  howev(>r.  that 
the  substance  in  milk  which  gives  the  guaiacum  reaction  with  liydro- 
gen |)er()xi(h'  is  really  diU'erent  liom  the  other  substances  ])resent  in 
milk,  in  that  it  conducts  itself  dilferently  toward  various  ])reci]u- 
tants;   and   Jacoi)son  (''^)  ])(.int(>(l  out    that   the  ])o\ver  of  anv  given 

«  Raudnitz  (''^icallr.i  ih,.  .atalase  cf  milk  a  i^uporoxydusf,  and  tlu-  giiaiacmn-l)luing 
ferment  a  Klol'alin-oxydasi'. 
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tissue  or  ferment  to  decompose  hydrogen  peroxide  can  be  destroj^ed 
bv  certain  degrees  of  heat  and  by  certain  poisons  which  have  no  action 
on  tlie  other'^ferments  present  in  the  preparations.  Similar  conclu- 
sions were  also  reached  by  Loew  ("«)  in  his  work  on  catalase.  (See 
aho  Bourquelot  C^) .)  Hence  we  have  come  to  regard  the  peroxidases 
and  catalases  as  distinctly  specific  enzymes.  Apparently,  therefore, 
three  distinctly  different  sets  of  substances  are  concerned  in  vital 
oxidations:  First,  the  oxidases,  by  means  of  which  the  oxygen  of  the 
air  is  rendered  sufficiently  active  to  effect  the  oxidation  of  guaiacum 
and  other  oxidizable  substances  directly;  second,  the  peroxidases 
which  render  active  the  oxygen  of  hydrogen  peroxide  and  other 
peroxides  (including  the  oxygenases);  and  third,  the  catalases,  which 
decompose  hydrogen  peroxide  into  water  and  molecular  oxygen, 
without,  apparently,  being  able  to  activate  the  oxygen  of  the  perox- 
ide toward  oxidizable  substances. 

Schoenbein  C*')  included  the  peroxidases  and  catalases  among  his 
oxygen-carriers  and  catalysts  (Sauerstofferreger  and  S auer staff u eh er- 
trdg'er)  without  apparently  assigning  particular  names  to  these  par- 
ticular groups  of  carriers.  Later,  those  substances  which  induce  the 
oxidation  of  guaiacum  and  similar  reagents  through  the  agency  of 
hydrogen  peroxide  and  which  lose  this  property  on  boding,  were 
called^bv  Bourquelot  («=>)  "indirect  oxidizing  ferments"  {ferments 
oxydants  indirect),  and  in  1898  Linossier  C")  gave  them  the  name 
of  peroxidases  as  signifying  those  substances  whose  function  it  is  to 
decompose  hvdrogen  peroxide  and  other  analogous  peroxides  and 
thereby  induce  oxidations  by  means  of  these  peroxides.  The  term 
"catalase"  was  proposed  by  Loew  ("«)  for  those  ferments  which 
decompose  hvdrogen  peroxide  into  water  and  molecular  oxygen  with- 
out apparently  being  able  to  activate  the  oxygen  of  the  peroxide 
toward  readily  oxidizable  substances. 

The  peroxidases  and  catalases  seem  to  be  even  more  widely  dis- 
tributed in  various  living  tissues  of  the  plant  and  animal  than  the 
oxidases.  To  such  an  extent  is  this  the  case  that  the  properties  of 
these  substances  might  almost  be  turned  to  account  as  a  general 
chemical  test  for  vital  activity.  It  can  certainly  be  said  of  any  liv- 
ing tissue  or  organ  that  it  is  dead  when  it  fails  to  show  the  reactions 
of'^tlie  peroxidases  and  catalases.  Thus  Brocq-Rosseu  and  Gain  C""), 
in  tlieir  observations  on  the  duration  of  the  peroxidases  in  grains, 
found  that  all  seeds  which  retained  their  germinating  power  con- 
tained peroxitlases,  and  in  corn  peroxidases  were  recognized  by  these 
observers  C")  in  samples  of  the  grain  over  two  hundred  years  old.  On 
the  other  hand,  it  was  observed  by  these  authors  that  the  peroxidase 
activitv  outlasts  the  power  to  germinate  by  a  hundred  years.  In 
otlier  words,  it  would  appear  that  peroxidase  activity  is  one  of  the 
most  characteristic  and  persistent  properties  of  living  material. 
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SOTTECES  OF  PEROXIDASE  AND  METHODS  FOR  ITS  PREPARATION. 

Among  plants  the  peroxidases  are  almost  imiversally  distributed. 
There  are  but  few,  if  any,  plant  tissues  which  do  not  give  peroxidase 
reactions  at  some  stage  of  their  growth  and  development.  So, 
likewise,  they  are  widely  distributed  in  animal  tissues  and  secretions; 
saliva,  milk,  jnis,  etc.,  show  typical  peroxidase  reactions.  By  means 
of  certain  of  the  very  sensitive  peroxidase  reagents  employed  b}^ 
Kastle  and  Porch  (^'"')  in  their  study  of  the  peroxidase  reaction  of  milk, 
Doctor  Koberts,  working  in  this  laborator}-,  has  been  able  to  stain  a 
large  number  of  the  leucocytes  in  fresh  blood  smears,  indicating  that 
in  the  blood  the  peroxidase  proper  is  confined  to  the  white  cells. 
Thus  with  a  reagent  containing  cresol,  para-j)henylene  diamin  and 
hydrogen  peroxide,  the  leucocytes  are  stained  l)lue. 

By  precipitation  with  alcohol,  Linossier  ("'')  })repared  a  peroxidase, 
free  from  oxidase,  from  pus.  In  many  instances  plant  peroxidases 
may  be  obtained  free  from  oxidases  by  heating  the  aqueous  extract 
to  70°  C,  at  which  temperature  the  oxidase  is  destroyed.  Aso  ('") 
has  separated  plant  i)eroxidases  from  oxidases  by  fractional  precipi- 
tation with  alcohol,  in  which  solvent  the  oxidases  are  soluble  to  a 
considerable  extent. 

As  sources  of  peroxidase,  Bach  and  ChodatC')  have  employed  the 
l)umpkin  {Kilrhisfruchten)  and  the  root  of  the  horse-radish  (Mcer- 
rettigwurzel) .  In  order  to  obtain  the  jjeroxidase,  those  authors 
proceed  as  follows:  Two  kilograms  of  finely  gratrnl  horse-radish 
root  are  allowed  to  stand  several  hours  at  ordinary  temj^eiature  in 
order  to  completely  hydrolyze  jill  glucosides  that  may  be  present. 
The  mass  is  then  digested  for  four  to  five  days  with  SO  i)er  ceiit 
alcohol  in  order  to  dissolve  the  essential  oils.  The  reddish  alcoholic 
extract  is  then  poured  off,  the  residue  is  washed  with  SO  per  cent 
alcohol,  pressed,  and  extracted  with  about  S  liters  of  40  per  cent 
alcohol.  The  40  i)er  cent  alcoholic  extract,  which  shows  strong 
peroxidase  reactions,  is  then  reduced  to  small  volume  at  30°  C.  in 
vacuo,  filtered,  aiul  absolute  alcohol  added  until  a  turbidity  is  i)ro- 
duced.  The  white  i)recipitate  thus  prochiccd  is  dissolved  in  a  small 
amount  of  water,  again  i)recij)itatc'(l  with  absolute  alcohol,  and  diied 
in  vacuo.  In  this  way  a  yellowish  white  gummy  ma.ss  is  obtained 
which  is  very  soluble  in  water  aud  r(>adily  soluble  in  40  per  cent 
alcohol.  As  ordinarily  obtained  these  peroxidas(<  prejiarations 
strongly  reduce  Fehling's  .solution.  By  re-solution  in  water  and 
re-precipitation  with  alcohol,  peroxidase  preparatitms  may  be  oi)tained 
which  no  longer  re(hic(>  Fehling's  .solution.  The  jnirest  peroxidase 
|>re|.arations  obtained  hy  this  method  give  ammonia  and  .substances 
having  the  odor  of  pyridin  on  h(>ating  with  caustic  .soda.  I)ut  failed  to 
show  the  onhnaiy  reactions  for  proleid.  On  heating  to  boiling, 
solutions   of   th(>   peroxiihise   were   found    to    lose   their  activity;   on 
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standing,  however,  such  boiled  sokitions  regain  their  activity.  That 
such  is  the  case  was  first  observed  by  Woods  (*«^)  in  his  study  of  the 
peroxidase  of  tobacco,  and  has  been  accounted  for  by  Woods,  and 
also  by  Aso(i*'),  upon  the  supposition  that  the  peroxidase  is  regen- 
erated from  zymogens  which  are  more  stable  towards  heat  and 
various  reagents  than  the  ferment  itself.  Bach  and  Chodat  (")  find 
that  a  second  heating  destroys  the  peroxidase  altogether;  so  also  an 
alcoholic  solution  of  the  ferment  is  destroyed  by  heating  to  the 
temperature  of  boiling  alcohol.  The  interval  required  for  the 
destruction  of  the  enzyme  has  been  found  to  vary  w^th  the  concen- 
tration of  its  solution.  Thus  when  diluted  with  twenty  tunes  its 
volume  of  water  a  given  specimen  which  in  its  original  dilution 
required  eighteen  minutes  in  boiling  water  for  complete  destmction, 
required  but  three  muiutes  at  this  temperature  wiien  thus  diluted. 
Accordmg  to  Bach  C^)  the  peroxidase  is  a  smgle  enzyme,  whose  func- 
tion is  to  activate  hydrogen  peroxide  in  the  oxidation  of  substances 
containing  labile  hydrogen. 

Bach  and  Tschermiack  C^)  have  given  detailed  directions  for  the 
purification  of  peroxidase.  No  essential  differences  have  been 
observed  between  the  conduct  of  crude  peroxidase  and  that  of  the 
purest  preparations.  The  pure  preparations  were  found  to  contain 
6  per  cent  of  ash;  this  ash  was  found  to  be  iron-free,  but  to  contain 
aluminium  and  manganese.  Bach  and  Chodat  (")  found  that 
peroxidase,  the  chief  constituent  of  oxidase,  contams  nitrogen  and 
gives  the  p^Trol  reaction.  They  conclude,  however,  that  it  is  not  a 
proteid  since  neither  the  raw  product  nor  the  purified  enzyme  show 
the  protein  reactions. 

Accordmg  to  Bach  and  Chodat  (")  the  action  of  peroxidase  is 
specific  m  that  it  strongly  activates  hydrogen  peroxide  and  other 
peroxides  in  a  large  number  of  oxidation  processes,  such  as  the 
oxidation  of  pyrogallol,  gallic  acid,  anilin,  dimethyl  anil  in,  etc.  They 
observed  further  that  while  it  strongly  activates  small  amounts  of 
hydrogen  peroxide,  it  is  destroyed  by  larger  amounts  of  the  peroxide 
{see  also  Schoenbein  C^'') ,  p.  474),  and  also  that  m  the  absence  of 
hydrogen  peroxide  or  a  similar  substance  the  peroxidase  has  no 
oxidizing  power  {see  also  LinossierC")).  Decidedly  the  most 
interesting  observations  recorded  by  these  observers  is  that  the 
peroxidase  not  only  activates  hydrogen  peroxide  and  the  peroxides 
resulting  from  the  slow  oxidation  of  various  organic  compounds  such 
as  ether,  alcohol,  and  the  essential  oils,  but  that  it  also  has  the  power  of 
increasing  the  oxidizing  power  of  the  oxidases.  As  elsewhere  pointed 
out,  Moore  and  Whitley  (^•"')  argue  from  this  that  the  oxidase  is 
nothing  more  than  a  mixture  of  peroxidase  and  an  unstable,  naturally 
occurring  peroxide  {see  also  Bach  and  Chodat  (-^)). 
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Quantitative  studies  of  the  oxidation  of  ]\yrogallol  by  hydrogen  1 
peroxide  and  a  ])eroxidase  have  also  been  made  by  Bach  and  Chodat  (^M 
with  the  following  results: 

(1) 

[Pyrogallol,  1  gram;  hydrogen  peroxide,  0.1  gram;  peroxidaj^e.  from  0.01  to  0.1  gram, 

in  50  c.  0.] 

Peroxidase 0.01       0.02       0.03       0.04       0.05       0. 0()       0.07       0.08 

Purpurogallin 0.021     0.042     0.066     0.083     0.102     0.123     0.145     0.166 

(2) 

[Pyrogallol,  1  gram;  peroxidase,  0.1  gram;  hydrogen  peroxide,  from  0.01  to  0.1  gram.] 

Peroxide 0.01       0.02       0.03       0.04       0.05       0.06       0.07       0.08  I 

Purpurogallin 0.020    0.042     0.060     0.078     0.099     0.121     0.142     0.168  ? 

(3)  < 

[Peroxidase.  0.1  gram;  hydrogen  peroxide,  0.1  gram;  pyrogallnl.  1  to  4  grams.] 

Pyrogallol 1.0  1.5  2.0  3.0  4.0 

Purpurogallin 0.  168        0. 205         0.  203         0. 20s        {).  202  | 

It  would  seem  therefore  that   the  amount   of  ))yi()gallol  oxidized  I 

under  these  conditions  is  ])ro})ortional  to  both  the  (juantity  of  the  i 

]^eroxidase  and  of  the  hydrogen  ])eroxide,  l)ut   indei)endent  of  the  I 

quantity  of  ])yrogallol  ])resent,  ])rovided  that  the  latter  is  in  excess  I 

of  the  quantity  capable  of  being  oxidized  within  the  given  time  by  the  | 

several  amounts  of  the  ])eroxidase  and  hv(h'ogen  ]ieroxi(le  em])loyod.  ; 

NATURE  AND  MODE   OF  ACTION    OF    THE    OXIDASES.   PEROXIDASES    AND  i 

CATALASES.   AND    THE    CHEMICAL    RELATIONSHIPS    EXISTING   AMONG  I 

THESE  SUBSTANCES.                                                                                                                4  j 

The  question  still  remains  to  be  considered  as  to  how  these  sub-  j 
stances  act  as  oxygen  carriers.  We  have  seen  that  according  to  | 
Schoenbein  tiiey  react  l\v  ozonizing  the  oxygen  of  the  air,  and  in  the  | 
case  of  the  peroxidases,  by  converting  hydrogen  ])eroxide,  an  anto-  I 
zonide,  into  an  ozonide.  after  the  manner  of  lead  acetate.  On  (lie  i 
other  hand,  according  to  Bacii  ("*)  the  oxichises  are  substances  hav- 
ing a  s])ecial  aj)titU(le  for  forming  |)eroxitles.  Similar  views  luive  i 
been  advanced  i)y  Kastle  and  Loevenhart  {-**).  Thus  acconUng  to  | 
the  |)(M-oxi(l«'  theoiy  of  oxidation,  when  molccidiir  oxygen  linds  itself  ' 
ill  (diil.icl  witli  the  (•onij)I('x  autoxidizable  sid)stances  contained  in  | 
the  [iljint  cell,  it  combines  with  the  same  in  much  the  same  way  that  i 
it  unites  with  rubidium  oi-  benzaldehyde.  There  is  |)roduced  uiuler 
these  circumstances  a  comjjlex  imstable  ])eroxide  which,  in  turn,  can  i 
give  u|)  a  ])art,  if  not  all  of  its  oxygen,  to  any  oxidizable  substance  i 
or  acce])t(>r  that  may  ha])|)en  to  be  present,  or  in  the  event  that  no  | 
other  oxidizable  substance  is  ])resent.  it  may  oxiilize  a  j)art  of  itself.  ; 
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In  this  manner  we  account  for  the  oxidation  of  guaiacum,  potassium 
iodide,  and  hydroquinon  by  atmospheric  oxygen  through  the  inter- 
mediate action  of  the  vegetable  oxidase.  This  theory  also  enables 
us  to  understand  the  instability  of  these  substances. 

Diagrammatically,  these  changes  may  be  represented  as  follows: 


(Oxidase) 

(1) 

A+0,  =  AO„ 

and 

(Oxidase) 

(2) 

^0,+  B  =  AO+BO, 

or 

(3) 

AO,  +  2B==A+2BO, 

and 

(4) 

A0,+  A=2AO. 

In  this  connection  see  also  Engler  and  Weisberg  (^®*) ,  supra. 

In  the  above  equations  A  is  the  autoxidizable  substance  or  sub- 
stances contained  in  the  plant  or  animal  which  is  the  immediate  pre- 
cursor of  the  oxidase.  AOo  is  the  oxidase  resulting  from  the  union 
of  A  Avith  molecular  oxygen,  and  B  is  the  substance  oxidized  by  the 
oxidase,  as,  for  example,  guaiacum,  phenolphthalin,  or  hydroquinon. 
If  the  change  proceeds  as  indicated  in  equation  (2),  both  the  pre- 
cursor of  the  oxidase  and  the  second  oxidizable  substance  (the  oxi- 
dase reagent)  will  be  completly  oxidized,  and  the  oxidase  will  not  be 
regenerated  as  the  result  of  the  oxidation,  but  will  be  destroyed. 
On  the  other  hand,  if  the  oxidation  proceeds  according  to  equation  (3), 
the  precursor  of  the  oxidase  will  be  regenerated,  and  at  the  end  of 
the  process  will  be  in  a  condition  to  again  enter  into  the  cycle  of 
changes  indicated  in  equations  (1)  and  (3).  Finally,  it  is  con- 
ceivable that  the  oxidase  may  oxidize  a  second  part  of  A,  in  which 
case,  as  indicated  by  equation  (4),  both  the  precursor  of  the  oxidase 
and  the  oxidase  itself  will  be  destroyed.  As  a  matter  of  fact,  it  is 
known  that  solutions  of  oxidases  gradually  lose  their  oxidizing  pow- 
ers; this  is  readily  intelligible  in  the  light  of  equations  (1),  (2),  and 
(4),  especially  in  view  of  the  fact  that  all  living  tissues  and  extracts 
contain  powerful  reducing  substances  which  in  the  processes  under 
consideration  would  function  as  5  in  equation  (2). 

In  support  of  the  view  that  the  oxidases  are  really  peroxides,  we 
may  cite  the  following  observations  of  Bach  and  Chodat(-''):  The 
fresh  sap  of  the  Lathrxa  squamaria,  which  contains  an  oxidase,  was 
subjected  to  the  action  of  a  current  of  air  and  a  1  per  cent  solution 
of  barium  hydroxide  was  added  drop  by  drop.  A  precipitate  is 
formed  luider  these  circumstances  which  is  found  to  contain  barium, 
and  when  decomposed  by  sulfuric  acid  the  resulting  solution  gave 
11670— Bull.  59—10 8 
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a  blue  coloration  with  potassium  iodide  and  starch,  but  no  reaction 
with  titanic  acid.  Nitrites  were  also  shown  to  be  absent.  Hence, 
according  to  these  authors,  the  separation  of  the  iodine  from  the 
potassium  iodide  could  only  have  been  brought  about  by  an  acyl- 
hydroperoxide.  A  similar  experiment  carried  out  on  a  specimen 
of  the  LatJirsea  squamaria  sap  which  had  lost  its  power  to  blue  guai- 
acum  gave  a  completely  negative  result.  Hence  the  peroxide  forma- 
tion with  the  active  sap  depends  on  the  presence  of  the  oxidase,  and 
leads  to  the  belief  that  the  oxidase  itself  is  of  a  peroxide  nature,  or 
that  it  at  least  contains  a  peroxide  as  one  of  its  constituents. 

Schoenbein,  in  his  paper  on  the  catalytic  action  of  organic  materials 
(peroxidases  and  catalases)  and  their  distribution  in  the  plant  and 
animal  kingdoms  (^^^),  explains  the  activating  and  catalyzing  jiower 
of  such  substances  on  the  su])position  that,  like  lead  acetate,  they 
convert  hydrogen  peroxide  (an  antozonide)  into  an  ozonide  (like 
lead  peroxide),  and  that  under  the  influence  of  the  latter  the  former 
is  actively  decomposed  with  the  production  of  water  and  molecular 
oxygen.  Thus  he  proved  that  when  lead  acetate  is  added  to  a  solution 
of  hy(h'ogon  i)eroxide,  lead  peroxide  (an  ozonide)  is  formed,  under 
the  influence  of  which  the  hydrogen  peroxide  is  activeh'  decomposed ; 
and  that  if  lead  acetate  be  added  to  hydrogen  peroxide  solution  con- 
taining guaiacum,  the  latter  is  oxidized  at  the  same  time  that  a  part  of 
the  hydrogen  peroxide  is  decomi)osed,  for  the  reason  that  the  lead 
peroxide  oxidizes  the  guaiacum  at  the  same  time  that  it  decomposes 
the  hydrogen  peroxide.  According  to  Schoenbein,  therefore,  what 
we  now  know  as  the  peroxidases  are  those  substances  occurring  in  the 
secretions  and  tissues  of  animals  and  plants  wliich  have  the  ]iower  of 
ozonizing  hydi-ogen  ]ieroxide  or  converting  it  into  an  ozonide.  The 
catalysis  or  decomposition  of  the  hydrogen  ])eroxide  he  looked  upon 
as  a  secondaiy  phenomenon  resulting  from  the  action  of  the  ozonide 
thus  formed  U])()n  tlio  liydrogen  ])eroxide  remaining  unchanged. 
Lepinois(-"^)  conceives  that  the  decom])osition  of  hydrogen  ])croxide 
takes  place  in  such  a  way  that  where  only  a  part  of  the  oxygen  is  set 
free  it  is  fixed  by  the  guaiacum  or  guaiacol. 

From  tlieir  study  of  the  hydrogen  peroxide-guaiacum  reaction, 
Kastle  iiiid  Loevenhart  (-")  arrived  at  the  conclusion  that  the  jx'r- 
oxidnses  are  substances  whicli  are  capable  of  reacting  with  liydro- 
gen i)en)xid("!  to  form  p(M-oxid(\s.  wliich  are  more  vigorous  oxidizing 
agents  than  liydrogen  peroxide  itself.  This  view  regarding  the 
nature  of  these  substances  has  been  concurred  in  by  Bach(-").  The 
d('comi)osition  of  hydrogen  peroxide  and  the  mechanism  of  oxida- 
tions by  means  of  this  substance  has  formed  the  subject  of  a  still 
further  investigation  by  T.oevenhart  and  Kastle  ("'*).  Tt  is  now 
known  that  hydrogen  peioxide  undergoes  spontaneous  decomposi- 
tion into  water  and  in«»lecular  oxygen;  it  is  also  known  that  it  can 
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effect  tlie  oxidation  of  many  substances  directly,  such  as  formic 
aldehyde  and  sulfurous  acid,  without  the  intervention  of  an  oxygen 
carrier.  It  is  also  a  matter  of  common  observation  that  its  decom- 
position into  water  and  molecular  oxygen  is  greatly  accelerated  by 
various  catalysts,  such  as  spongy  platinum,  lead  peroxide,  manganese 
dioxide,  etc.,  and  also  that  its  oxidizing  powers  are  greatly  increased 
by  these  same  substances.  It  has  also  been  established  through 
the  researches  of  Schoenbein  C^^)  and  through  some  observations 
of  Loevenhart  and  Kastle  C")  that,  wdth  but  few  exceptions,  those 
substances  which  can  bring  about  the  decomposition  of  hydrogen 
peroxide  catalytically  can  also  greatly  increase  its  oxidizing  power; 
and  in  proportion  as  a  substance  is  able  to  decompose  the  peroxide, 
so  also  can  it  accelerate  oxidations  by  this  sul^stance  to  a  correspond- 
ing degree.  A  good  catalyst  has  been  found  to  be  a  good  oxygen 
carrier  iind,  vice  versa,  a  poor  catalyst  is  a  poor  carrier.  Finely 
divided  platinum  decomposes  hydrogen  peroxide  very  rapidly;  it 
has  been  found  also  to  be  a  powerfid  oxygen  carrier.  On  the  other 
hand,  sugar  charcoal  decomposes  hydrogen  peroxide  very  slowly; 
it  is  a  very  poor  oxygen  carrier.  It  is  evident,  therefore,  that  oxida- 
tic:i  by  hydrogen  peroxide  in  the  presence  of  a  carrier  and  its  catalytic 
decomposition  go  often,  if  not  always,  hand  in  hand,  so  that  the 
latter  process,  as  has  been  pointed  out  by  Spitzer("'),  is  often  a 
measure  of  the  former.  It  would  seem,  therefore,  that  all  of  these 
phenomena,  widely  differing  as  they  appear  at  first  sight,  are  in 
reality  closely  correlated  and  referable  to  a  common  cause,  namely, 
the  tendency  on  the  part  of  the  hydrogen  peroxide  to  unite  directly 
with  oxidizable  substances,  forming  thereby  either  a  peroxide  or 
some  other  complex  unstable  holoxide  derivative  which  tends  to 
part  with  its  oxygen  more  easily  than  the  hydrogen  peroxide  itself. 
This  derivative,  therefore,  readily  oxidizes  some  other  substance  to 
•which  one  of  its  compounds  stands  in  the  relation  of  an  oxygen  car- 
rier, or  it  gives  up  molecular  oxygen,  or  both. 

•  It  is  important  for  this  assumption,  of  course,  that  such  higher 
oxides  and  unstal^le  addition-products  of  hydrogen  peroxide  with 
other  substances  sliould  actually  exist.  In  reality,  we  have  abundant 
proof  of  their  existence.  In  fact,  as  may  be  seen  from  the  following, 
many  such  compounds  are  known.  Thus  in  1878,  Schone  C^^,  ^^^) 
isolated  a  number  of  compounds  of  hydrogen  peroxide  with  the  alka- 
lis and  alkaline  earths,  such  as  the  following: 

BaOj.H^Oa,  or  H,BaO,; 
K,0,.2ILO,,  or  IlJVoOe; 
Na,6,.2H,6,,  or  Il^Xa.Oo- 

All  of    these  compounds  were  found   by  this  observer  to  be  yery 
.  unstable  and  are  obtainable  in  a  state  of  purity  only  at  very  low 
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temperatures.  He  therefore  explained  the  catalytic  decomposition 
of  hydrogen  peroxide  by  alkalis  on  the  assumption  that  these 
hydrogen  peroxide  addition-products  with  the  alkalis  are  first  pro- 
duced, thus: 

2/^OH  +  3lLO,  =  II,i?,06  +  2HA 

and  that  these  substances  then  undergo  the  following  transforma- 
tions : 

(1)  R,ll,0,  =  R,0,  +  2I{,0; 

(2)  /?,0,  +  H30  =  2/?OH  +  03. 

He  was  led  to  assume  the  intermediate  production  of  such  peroxides 
as  RD^  for  the  reason  that  the  compounds  such  as  II^K,Og  turned 
yellow  during  decomposition.  The  work  of  Schone  on  these  com- 
plex addition-products  of  hydrogen  peroxide  has  been  confirmed  by 
the  later  researches  of  Forcrand  (^"),  who  has  obtained  evidence  not 
only  of  the  existence  of  such  compounds  as  HjBaO^  and  HjCaO^, 
but  also  of  still  more  complex  derivatives  such  as  Ca()2l0lI.,O2,  and 
Moissan  (■"")  from  his  investigation  of  the  unstable  blue  compound 
of  cliromic  anhydride  and  hydrogen  peroxide,  reached  the  conclusion 
that  it  must  be  rej^resented  by  the  formula  II,CrOs»  <^i'  Cr03.II,(),. 

Similarly,  in  order  to  explain  the  great  acceleration  caused  by 
small  amounts  of  molybdic  and  tungstic  acids  in  the  oxidation  of 
hydriodic  acid  ])v  hydrogen  jieroxide,  Brode  ('"•)  has  been  led  to 
assume  the  formation  of  j^ermolybdic  and  pertungstic  acids  as  the 
result  of  the  action  of  the  peroxide  on  the  catalyzer,  while  nine 
yeai's  previously  Cammoi-er  (>"")  had  obtained  i)ermolybdic  acid, 
2M()(),.IL().II,,(),,  and  pertungstic  acid,  W03.11,O.Il20o,*  by  boiling 
th(^  ordinary  acids  with  hydrogen  peroxide,  and  still  more  recently 
Pissarjewsky  and  Mellikofl"  (■'■'■')  and  also  Muthmann  ami  Xagel  (•'"*') 
have  obtained  similar  acids  and  their  salts,  some  of  the  latter  being 
very  unstable  and  even  exj)losive.  According  to  JobC"*)  cerous  salts 
act  as  oxygen-carriers  in  the  i)res<Mice  of  hydrogen  peroxide,  probably 
through  the  alt(Mnate  formation  and  decompositi«)nof  cerium  peroxide. 

Pet renko  (•■"»)  also,  while  studying  the  action  of  hydrogen  i)er- 
oxide  on  sodium  arsenate,  obtained  a  com|)ound  havnig  t'he  com- 
position .\a„As,,(),-.21II,().  This  he  found  to  be  a  hydrogen  perox- 
ide derivative  having  the  following  ccmslitut ion :  .SNa3As().,.5lI,0.,. 
IC.il.O.  S(.  also  Ka/.anesky  (■■"*)  obtained  the  comj)ounds 
K,X'(),.2n,(),.12ll,,().  and  K,(X)3..3IL(X,  and  similarly  Staedel 
(^'")  found  that  ..n  adding  a  <)()  to  9.')  per  cent  solution  of  a<|ueous 
hydrogen  peroxi<le  t(»  a  concentrated  solution  of  cadmium  chloride,  a 
compound  was  <d)tained  which  crystalli/.ed  in  silky  necMllcs  contain- 
ing 2'A  per  cent  of  hydrogen  pcioxide,  th(>  tlu^ory  for  (M(T,.2II,02 
being  27.()'.»   |)i'r  cent. 
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Jones  and  his  co-workers  e^^  ''')  have  recently  investigated  the 
lowermo-  of  the  freezing  point  of  certain  salts  and  acids  hi  aqueous 
hydrogen  peroxide  as  a  solvent.  In  discussmg  the  abnormal  lower- 
mn-  of^the  freezmg  pomt  of  certam  of  these  salts,  such  as  potassium 
nitrate,  m  this  solvent,  these  observers  make  this  significant  state- 
ment- ''The  most  probable  explanation  of  the  above  results,  aU 
thmcrs  considered,  seems  to  be  that  there  is  union  between  the  mole- 
cules of  the  salts  mvestigated  and  the  molecule  of  hydrogen  peroxide.'' 
Accordmg  to  Manchot  m  the  apparent  reductions  by  means  of 
hydroo-en  peroxide  are  m  reality  due  to  the  formation  of  more  highly 
oxidized  primary  products,  which  ultimately  break  dowTi  mto  final 
products  which  are  less  highly  oxidized  than  the  hydrogen  peroxide 
itself.     (See  also  Kastle  and  Loevenhart.) 

There  seems  to  be  abundant  evidence,  therefore,  that  hydrogen 
peroxide  is  not  only  able  to  form  peroxides  by  double  decomposition, 
but  that  it  also  frequently  combmes  directly  with  various  substances 
to  form  complex  unstable  addition  products,  and  that  oxidations  by 
means  of  this  substance  are  often  greatly  accelerated  and  its  decom- 
position greatly  hastened  by  the  formation  and  subsequent  decompo- 
sition of  these  complex  substances.  It  would  seem  logical,  therefore, 
to  look  upon  the  peroxidases  as  substances  capable  of  f  ormhag  unstable 
peroxides  from  hydrogen  peroxide  by  double  decomposition,  or  of 
combinmg  directly  with  hydrogen  peroxide  to  form  unstable  holoxide 
(Traube)  or  moloxide  (Engler)  derivatives,  possessmg  greater 
powers  of  oxidation  than  hydrogen  peroxide. 

Thus,  if  we  designate  the  peroxidase  by  P,  and  the  second  oxidiz- 
able  substance  by  B,  the  oxidations  effected  by  the  peroxidase  might 
be  represented  diagrammatically  as  follows : 

P  +  H3O2    =  PO3  +  HA 
andF0,  +  5  =  P0  +  50, 
orPO,  +  25  =  P  +  2J50, 

orP  +  HA  =  H,P02, 
and  H2PO2  +  B  =  P  +  BO  +  li,0. 

As  already  pomted  out,  these  views  respecting  the  mode  of  action  of 
the  peroxidases  are  shared  by  Bach,  who  has  observed  that  when  a 
inLxture  of  a  peroxidase  and  hydrogen  peroxide  is  allowed  to  stand  for 
some  time  both  disappear  from  the  solution,  a  fact  whicli  indicates 
the  mutual  interaction  of  these  two  substances.  According  to  Bach 
and  Chodat  (")  the  peroxidases  exert  not  the  slightest  oxidizmg  action 
in  the  absence  of  the  peroxide.  On  the  other  hand,  they  found  that 
it  can  activate  not  only  hydrogen  peroxide  but  also  organic  peroxides, 
such  as  ethyl-hydroperoxide,  C  JI.O^H.  Further,  they  have  shown 
that  the  system  (peroxidase  +  peroxide)  accomplishes  precisely  the 
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samo  kind  of  oxidations  as  are  accomplished  by  the  oxidases,  and  that 
between  the  two  sorts  of  oxidizing  agents  there  is  the  closest  sort  of  , 
agreement,  and  in  this  comiection  they  have  made  a  number  of  inter-  I 
esting  observations  which  would  seem  to  indicate  that  the  vegetable 
oxidases  are  not  smgle  enzymes  but  mixtures  of  peroxidases  and 
peroxide-forming  substances,  to  which  they  have  given  the  name 
*'ox3^genase." 


THE    OXIDASE    A    MIXTIHiE    OF    PEROXIDASE    AND    OXYGENASE. 

As  early  as  1898,  Linossier  C"),  in  discussing  the  function  of  the 
peroxidases,  stated  that  the  oxidases  fix  the  oxygen  of  the  air,  formino- 
peroxides  which  are  destroyed  by  the  peroxidases  as  fast  as  they  are 
formed. 

In  the  course  of  their  investigations  on  the  "Function  of  Peroxides 
in  the  Living  Cell"  Bach  and  Chodat  (")  found  that  by  the  fractional 
precipitation  of  an  aqueous  solution  of  the  oxidase  of  a  fungus,  Lac- 
tarius  vellereus,  by  alcohol,  two  fractions  could  be  obtainetl  possessing 
markedly  different  properties.  The  first  of  these  is  almost  insoluble 
in  40  per  cent  alcohol  and  was  found  to  have  the  properties  of  a  weak 
oxidase.  The  second  substance  is  soluble  in  40  per  cent  alcohol  but 
insoluble  in  pure  alcohol,  and  has  no  oxidizing  powers.  This  second 
substance,  however,  was  found  to  impart  great  activity  to  hydrogen 
peroxide  as  an  oxidizing  agent,  and  not  only  has  it  the  power  of  con- 
ferring activity  upon  hydrogen  peroxide,  but  also  upon  organic 
peroxides,  such  as  ethyl  hydro-pcroxitle,  etc.,  and  what  is  even  more 
interesting,  it  was  also  found  to  impart  activity  to  the  weak  oxidase 
composing  the  first  fraction  obtained  in  the  precipitation  of  the  L(ic- 
tfirius  extract.  In  a  recent  pajxT  those  authors  (^^  give  the  following 
interesting  results  of  their  experiments  with  these  substances: 
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These  results  sliow  conclusively  that  the  oxidizing  power  of  the 
oxygenases  is  greatly  increased  by  the  ])eroxidases  in  general,  and 
still  more  greatly  increa.sed  by  the  peroxidase  from  the  same  source 
us  the  oxygenase  itself. 
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According  to  Bach  and  Chodat  (''),  therefore,  the  oxygenases  are 
of  the  nature  of  substituted  peroxides.  They  are  exceedingly  unsta- 
ble and  have,  as  compared  with  the  peroxidases,  only  a  limited 
distribution  in  the  vegetable  kingdom.  On  the  other  hand,  the 
peroxidases  are  characterized  by  great  stability.  Thus  the  peroxidase 
of  the  horse-radish  root  is  not  completely  destroyed  by  a  single  boiling 
of  its  solution.  The  peroxidases  occur  in  practically  every  plant  thus 
far  examined  for  them,  and  they  have  likewise  been  found  widely 
distributed  in  the  tissues  and  secretions  of  animals,  such  as  the  leu- 
cocytes, milk,  saliva,  etc.  Like  the  oxidases,  the  peroxidases  have 
been  found  to  contain  manganese,  and  to  this  element  Bach  and 
Chodat  (^0  ascribe  their  activity.  They  are  also  disposed  to  regard 
them  as  true  ferments,  although  they  gradually  lose  their  activity  and 
ultimately  disappear  as  the  result  of  the  oxidations  which  they  bring 

about. 

It  would  seem,  therefore,  that  it  is  not  the  oxidase  but  rather  the 
peroxidase  which  is  the  most  important  agent  in  plant  and  animal 
oxidations,  inasmuch  as  it  would  render  active  the  oxygen  occurring 
in  any  peroxide  combination  whatsoever,  whether  it  be  hydrogen 
peroxide,  an  organic  peroxide,  or  an  oxygenase. 

Indeed,  according  to  Moore  and  Whitley  C°«)  the  peroxidases  are 
the  only  true  ferments  participating  in  biological  oxidations.     Ac- 
cording to  these  authors,  Bach's  so-called  oxygenase  is  merely  an 
unstable  peroxide  resulting  from  the  action  of  the  oxygen  of  the  au- 
on  some  readily  oxidizable  substance  contained  in  the  plant  or  animal 
tissue.     From  their  standpoint  the  only  essential  differences  between 
a  tissue  showing  oxidase  reactions  and  one  showing  only  peroxidase 
reactions  is  that  the  former  contains,  in  addition  to  the  peroxidase, 
a  store  of  naturally  formed  peroxides,  which  are  very  unstable  toward 
heat,  whereas  the  latter  contains  only  the  ferment  (peroxidase).     In 
this  connection  it  was  long  ago  pointed  out  by  Bach  C»),  and  also  by 
Kastle  and  Loevenhart  C"),  that  the  oxidizing  ferments  (oxidases) 
were  not  true  ferments  for  the  reason  that  they  present  many  close 
resemblances  to  the  organic  peroxides,  and  for  the  further  reason 
that  they  are  not  true  oxygen-catalysts  in  the  sense  of  being  unable 
to  accomplish  the  oxidation  of  practically  unlimited  amounts  of 
oxidizable  material.     In  the  writer's  opinion,  therefore,  the  objections 
which  have  been  recently  urged  against  the  prevailing  conceptions 
regarding  the  oxygenases  are  well  taken.     It  should  be  borne  in  mind, 
however,  that  the  precursors  of  the  oxygenases  are  unstable  toward 
heat  and  hence  possess,  to  some  degree  at  least,  the  characteristics  of 
biologically  active  substances. 
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THE  OXYGEN-CATALYSTS  OF  THE  BLOOD. 

Certain  oxidases,  such  as  aldehydase  and  the  glycolytic  enzyme 
peroxidases  and  catalases  have  been  found  in  the  blood,  and  also 
certain  more  stable  oxygen-cataksts,  such  as  hemoglobin  and  its 
iron-containing  derivatives,  and  in  the  case  of  certain  of  the  inverte- 
brates, hemocyanin,  the  oxidizing  powers  of  which  are  not  destroyed 
ui)on  boiling.     In  this  connection  it  is  interesting  to  note  that  all 
of  the  oxygen  carriers  of  the  blood  of  whatever  nature  are  contained 
in  the  formed  elements  and  not  in  the  plasma  or  serum.     Even  the 
cellular  elements  exhibit  well  marked  and  characteristic  differences  in 
their  conduct  toward  oxidase  and  peroxidase  reagents.     Furthermore, 
various  observers  do  not  seem  to  be  agreed  with  regard  to  the  oxidiz- 
ing properties  shown  by  the  formed  elements  of  the  blood.     Thus  it 
was  shown  by  Klebs  in  1868  (-^")  that  pus  has  the  jiower  of  bluing 
guaiacum  directly.    On  the  other  hand,  according  to  Linossier  ("•''),  i*f 
one  uses  a  freshly  i)ropared  tincture  of  guaiacum  the  supei-ficial  ]wr- 
tion  of  the  resin  having  been  ])reviously  removed  by  washing  with 
alcohol,  the  blue  color  is  not  produced  upon  addition  of  pus,  but  only 
after  the  addition  of  hydrogen  ])eroxide.     Hence,  according  to  Linos- 
sier, pus  (or  white  blood  cori)uscles)  contains  a  peroxidase,  but  no 
oxidase.     More  recently,  however,  Meyer  C"")  has  shown  that  in  the 
perfectly  fresh  state  the  thick  leucocyte  layer  obtained  l)v  centrifugal- 
izing  the  blood  of   patients   suffering  with   myelogenous   leuceinia, 
gives  no  reaction  with  guaiacum.     If,  however^  water  be  added  and 
the  mixture  shaken  a  few  moments,  a  very  intense  blue  color  develops. 
On  the  other  hand,  if  the  cor])uscles  be  shaken  with  serum  or  with 
an  isotonic  salt  solution  no  ])lue  color  develops.     According  to  Meyer 
this  shows  that  the  leucocytes  contain  an  oxidizing  ferment  (oxidase) 
which  first  becomes  liberated  or  activated  by  the  solution  of  the  cells 
in  water.     Similarly  a  few  drops  of  leucemic  blood  diluted  with  such 
a  large  amount  of  water  that  scarcely  anv  bhxid  color  was  visible  gave 
with  guaiacum  a  deep  blue  color.     He  also  observed  that  fresir un- 
treated i)us  gives  no  guaiacum  reaction,  but  that  when  shaken  with 
distilled  water  it  gives  the  guaiacum  reaction  at  once.     He  also  found 
that  these  mpieous  extracts  of  i)us  and  leucocytes  from  myelogenous 
leuccmia    could    oxidize    i>henoli)hthalin.     He  concludes,"  therefore 
that  tile  ix.lynuclear  and  ])robably  also  the  mononuclear,  neutrophilc 
cells  contam  a  substance  ext  ractable  with  water  which  blues  guaiacum 
without  the  addition  of  hydrogen  peroxide,  or  in  other  words,  that  it 
contanis  an  intracellular  oxidizing  ferment  killcMJ  bv  boilin-,  but  not 
at  73°  C,  and  which,  a,s  found  for  otiier  o.xidases  by  i3ach  and  Chodat 
contains  an  oxygenase  and  a  peroxidase. 

Reference  has  already  been  made  to  the  fact  tliat  A.  and  L.  Lumiere 
and  Chevrotier  (-)  have  prei)ared  a  prol<.i.lasniic  extract  of  blood 
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corpuscles  which  exhibits  the  properties  of  an  oxidase  to  a  marked 
degree,  as  shown  by  its  power  to  oxidize  guaiacum,  guaiacol,  hydro- 

quinon,  etc. 

In  the  hght  of  these  facts  there  can  scarcely  be  any  doubt  that  cer- 
tam  of  the  leucocytes  contain  both  oxidases  (see  also  Portier  f^i'  ^^^^O) 
and  peroxidases. 

Dr.  Norman  Roberts,  working  in  the  Hygienic  Laboratoiy  on  the 
peroxidase  activity  of-  the  urine  in  health  and  disease,  has  examined 
the  urines  of  175  diseased  persons  and  also  the  urines  of  a  considerable 
number  of  normal  individuals  for  peroxidases.  As  nearly  as  he  has 
been  able  to  discover,  the  peroxidase  reaction  of  urine  is  not  specific- 
ally characteristic  of  any  of  the  diseases  studied,  except  such  as  in- 
volve an  active  inflammation  of  the  genito-urinary  tract.  It  does 
seem  to  be  constant,  however,  for  active  inflammations  of  this  char- 
acter and  is  due  to  the  leucocytes  and  possible  in  some  instances  to 
certain  epithelial  cells  which  these  urines  contain.  He  has  also  shown 
that  in  fresh  blood  smears  and  fresh  sections  of  highly  vascular  tissues 
the  majority  of  the  leucocytes  are  stained  blue  on  treatment  with  the 
peroxidase  reagent  (a  solution  containing  cresol,  para-phenylene  di- 
amin,  and  hydrogen  peroxide),  whereas  the  red  cells  of  the  blood  and 
the  cells  characteristic  of  the  tissues  examined  remamed  unstained. 
(See  also  Winkler (*").)  As  is  well  known,  pus  also  actively  decom- 
poses hydrogen  peroxide. 

In  the  Hght  of  these  facts  there  can  scarcely  be  any  doubt  that  cer- 
tain of  the  leucocytes  contain  oxidases,  peroxidases,  and  catalases. 

We  have  seen  further  that  Senter  ("°)  has  prepared  a  very  active 
catalase  from  defibrinated  blood,  free  from  hemoglobin  and  from  any 
oxidase  or  peroxidase.  While,  therefore,  the  blood  imdoubtedly 
contains  oxidases,  peroxidases,  and  catalases,  it  has  gradually  come 
to  be  recognized  that  its  oxygen-carrying  power  can  not  be  due  en- 
tirely to  oxidases  and  peroxidases,  for  the  reason  that  tliis  oxygen- 
carrying  power  persists  after  boiling,  and  after  treatment  with  acids 
and  alkalis.  Indeed  it  seems  to  persist  as  long  as  the  blood  pigments 
arc  not  deprived  of  their  iron.  Thus  according  to  Moitessier  i^"'^)  the 
so-called  peroxidase  reaction  of  the  blood,  upon  which  is  based  most 
of  the  chemical  tests  for  blood,  is  not  really  due  to  a  peroxidase  but 
to  hemoglobin  and  hematin.  According  to  this  author  the  non-fer- 
ruginous blood  pigments,  such  as  hematoporphyrin,  do  not  exhibit 
such  reactions.  Czyhlarz  and  von  Fiirth  (}^^)  have  also  arrived  at  the 
conclusion  that  the  so-called  peroxidase  reaction  of  the  blood  is  due 
to  hematin  and  not  to  a  peroxidase.  Lesser  (-''^)  also  obtamed  the 
guaiacum  reaction  with  blood  which  had  been  boiled.  He  also  is  of 
the  opinion  that  the  reaction  is  due  to  the  blood  pigment  and  that 
the  iron-free  derivatives  of  hemoglobin  do  not  give  it.  Whitney 
(*^")  also  concludes  that  it  is  the  iron  of  the  hemoglobm  and  its  iron- 
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containing  derivatives  which  are  res])onsible  for  the  guaiacum  test 
and  similar  reactions.  Buckmaster  C**^-  '"■^)  also  regards  the  oxidizing 
power  of  blood  in  the  presence  of  hydrogen  peroxide  as  due  to  a 
pseudo-peroxidase  and  in  some  way  dependent  on  the  part  ])layed  by 
iron  in  the  hemoglobin  molecule,  although  the  precise  way  in  which 
the  iron  acts  is  still  obscure.  Studies  on  the  oxygen-carrying  power  of 
blood  toward  solutions  containing  hydrogen  ])eroxide,  i)henolphthalin, 
and  alkali  have  also  been  made  by  Kastle  and  Amoss('-")  and  later 
by  Kastle  C^°),  who  has  recently  recommended  this  reaction  as  a 
chemical  test  for  blood.  It  has  been  shown  that  the  amount  of 
phenoli)lithalin  oxidized  both  in  the  presence  and  absence  of  hydro-, 
gen  peroxide  is  proportional  to  the  quantity  of  hemoglobin  present^ 
and  that  while  the  oxygen-cariying  ])ower  of  the  blood  is  somewhatij 
diminished,  it  is  by  no  means  entirely  destroyed  even  after  repeated 
boiling.  The  formed  elements  of  the  blood  therefore  contain  oxi- 
dases, ])eroxidases,  catalases,  and  a  more  stable  oxygen-carrier,  viz, 
hemoglobin,  or,  in  certain  of  the  lower  animals,  hemocyanin.  To  the 
catalases  we  owe  the  active  decomposition  of  hydrogen  peroxide  into 
water  and  molecular  oxygen,  as  shown  by  blood  and  ]nis.  To  the 
oxidases  we  owe  the  oxidation  of  guaiacmn,  phenoli)hthalin,  and  simi- 
lar substances,  as  shown  by  aqueous  solutions  of  the  leucocytes.  To 
the  ])eroxidases  we  owe  those  oxidations  which  take  place  only  in  the 
presence  of  hydrogen  peroxide  or  a  similar  comjiound,  as  also  shown  by 
the  leucocytes.  These  ])roperties  are  all  lost  on  boiling.  On  the  othei 
hand,  certain  oxidations  by  means  of  hydrogen  peroxide  are  induced  by 
hemoglobin  and  its  iron-containing  derivatives,  and  hence  we  Imd  that| 
the  blood  can  still  induce  certain  oxidations  by  hydrogen  peroxide 
even  after  it  has  been  boiled.  The  fact  that  these  carriers  become 
inactive  with  the  splitting  off  of  the  iron  which  they  contain  is 
matter  of  great  interest  in  view  of  the  part  played  by  iron  and  manga- 
nese in  the  activation  of  the  oxidases  and  in  view  of  the  relation  of 
iron  to  active  nucleo-])roteids. 

The  fact  that  hemoglobin  and  its  iron-containing  derivatives  oxidize 
various  chromogenic  substances  in  the  ])resence  of  hydrogen  ]>eroxide 
has  been  turned  to  i)ractical  account  in  hematological  and  forensic 
investigations.  This  subject  has  recently  been  discussed  at  length 
by  Kastle  (-'")  in  a  communication  entitled  ''Chemical  Tests  foi 
Blood,"  in  which  there  is  given  a  reasonably  complete  bibliography  of 
the  (>xt('nsive  literature  of  this  subject. 

IRON.  COPPER.  AND  MANGANESE  IN  THEIR  RELATION  TO  THE  OXIDIZING 
FERMENTS.  ARTIFICIAL  OXIDASES,  PEROXIDASE  ACCELERATORS,  AND 
AUXILIARY  OXYGEN  CARRIERS. 

According  to  Spitzer^"^)  the  oxidizing  power  of  animal  tissues  ifi 
ref(MMl)le  to  certain  micleo-j)roteids  which  they  contain,  and  the' 
oxidizing  power  of  these  substances  is  in  turn  referable  to  combmed 
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iron.  In  this  connection  it  is  of  interest  to  note  that  so  far  as  is  known 
the  most  stable  and  most  perfect  oxygen  catalj-sts  occurring  in  the 
animal  organism  contain  either  copper  or  iron.  According  to  Wells 
(verbal  communication)  the  blood  of  certain  marine  forms  has  been 
found  to  contain  zinc.  The  fact  that  hemoglobin  and  its  iron-con- 
taining derivatives  are  all  capable  of  inducing  the  oxidation  of  such 
substances  as  guaiacum,  phenolphthalin,  etc.,  by  means  of  hydrogen 
peroxide  or  other  compounds  of  this  nature,  whereas  the  iron-free 
blood  pigments  can  not  accomplish  such  oxidations,  speaks  strongly 
in  favor  of  the  assumption  that  the  activity  of  such  oxygen  carriers 
is  dependent  on  iron  in  organic  combination.  (See  Kastle  (^^°)), 
''Chemical  Tests  for  Blood,"  Bulletin  No.  51,  Hygienic  Laboratory.) 
In  this  connection  it  is  also  of  interest  to  note  that  Floyd  ("0  found 
nearly  twice  as  much  ash  in  the  skin  of  the  negro  as  in  that  of  whites, 
and  nearly  twice  as  much  iron  in  the  ash  of  the  negro's  skin  as  in  the 
ash  of  whites.  According  to  this  author  the  pigment  appears  to  origi- 
nate in  the  outer  layer  of  the  true  skin,  and  in  all  probability  is  the 
product  of  the  alteration  of  the  red  coloring  matter  of  the  blood.  It 
has  also  been  shown  experimentally  that  certain  iron  salts  accelerate 
biological  oxidations.  Thus  Battelli  and  Stern  C«)  have  found  that 
the  quantity  of  carbon  dioxide  produced  by  the  action  of  an  extract 
of  the  muscle  of  the  horse  or  dog  on  calcium  lactate  is  considerably 
increased  by  the  presence  of  small  amounts  of  ferrous  sulfate. 

It  has  been  shown  by  Bertrand  C^'  "-  '")  that  the  oxygen-carrying 
power  of  laccase  is  in  some  way  associated  with  the  presence  of  man- 
ganese. By  fractional  precipitation  with  alcohol  he  was  able  to 
resolve  a  certain  specimen  of  laccase  into  two  portions,  one  of  which 
was  poorer  and  the  other  richer  in  manganese  than  the  original  sam- 
ple. The  oxidizing  powers  of  these  three  specimens  were  proportional 
to  their  manganese  content,  as  may  be  seen  from  the  following  table: 


Oxygen    absorbed 

in  U  hours  by  50 

No.  of 

Quantity 

0.  e.  of  a  2  per 
cent  solution   of 

speci- 
men. 

nese  in  ash. 

hydroquinon    in 
the    presence    of 
0.2  gram  of  the 
specimens. 

Per  cent. 

c.c. 

1 

0.159 

19.1 

2 

.120 

15.5 

3 

.098 

10.6 

He  also  succeeded  in  showing  that  the  laccase  contained  in  lucerne 
is  poor  in  manganese  and  comparatively  inactive  toward  hydro- 
quinon. In  the  presence  of  a  small  amount  of  manganese  (1  milligram 
in  the  form  of  the  sulfate)  the  oxidizing  power  of  lucerne  laccase  is 
greatly  increased.  That  such  is  the  case  is  evident  from  the  quanti- 
ties of  oxygen  absorbed  by  a  solution  of  hydroquinon  in  the  presence 
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of  manfranese  alone,  liiceme  laccase  alone,  and  a  niLxtiire  of  manganese 
and  laccase,  thus: 


Oxy- 
gen ab- 
sorbed. 

c.  c. 

0.3 

.2 

6.3 

3.    T.fvf>4>rt<5i»+ iriftngfiiipsp 

In  other  words,  the  efTect  of  the  manganese  on  laccase  poor  in  this 
constituent  was  to  increase  the  oxygen  absorption  twentj^-five  times,  i 
Other  metals,  such  as  iron,  aluminium,  cerium,  zinc,  copper,  calcium, : 
magnesium,  and  })otassium,  were  found  to  be  incapable  of  increasing 
the  oxidizing  power  of  laccase. 

lie  therefore  arrived  at  the  conclusicm  that  the  oxidizing  ferments 
as  we  ordmaiily  recognize  them  consist  in  reality  of  two  portions, 
one  organic  and  veiy  unstable  with  which  we  associate  those  prop- 
erties usually  characteristic  of  the  ferments  as  a  class,  and  a  second 
portion,  which  might  be  called  the  co-ferment,  mineral  or  organic  in 
its  nature,  and  which  with  the  first  substance  forms  the  really  active 
system.  Bertrand  ("")  therefore  is  disjiosed  to  regard  manganese  as 
the  co-ferment  of  laccase,  just  as  calcium  is  the  co-ferment  of  pectase, 
and  hydrochloric  acid  the  co-ferment  of  pe{)sin. 

In  a  later  communication  Bertrand  (''"• ")  proved  that  various 
manganese  salts  can  bring  about  tlie  oxidation  of  various  oxidizable 
substances,  such  as  hydroquinon,  etc.,  in  the  air,  and  that  the  quan- 
tity of  oxygen  absorbed  varies  with  the  nature  of  the  manganese  salt 
employed,  being  greater  with  the  manganese  salts  of  the  organic  , 
acids.  The  several  amounts  of  oxygen  absorbed  by  hydroc|iiinon  in 
the  presence  of  various  manganese  salts  are  shown  in  the  following 
table: 


Salt  of  manganese. 

Oxygen 
absorbed. 

Salt  of  manganese. 

Oxygen 
absorbed. 

.Nitrate 

c.  c. 
1.5 
l.fi 
1.8 
7.4 
15.3 

c.  c. 
15.7 
1C.3 
17.0 
21.  f> 
22.1 

Sulfate 

Salicylate 

Chloride 

Lactate 

Forraate 

Uenzoate 

It  would  seem,  therefore,  that  those  manganese  salts  which  are 
most  easil}'  hydrolyzablo  are  the  most  efhcient  oxygen  carriers. 
According  to  Bertrand,  therefore,  when  a  manganese  salt  iliuls  itself 
in  contact  with  water  it  hydrolyzes  in  the  sense  of  the  equation — 

yr.Mn  +  ll,0  =  Wn,  +  MnO. 
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As  is  well  known,  however,  manganous  oxide  is  spontaneously  oxi- 
dizable,  and  in  the  course  of  this  oxidation  molecular  oxygen  is  split 
into  two  atoms,  one  of  which  combines  with  the  manganous  oxide 
to  form  the  peroxide,  the  other  going  to  oxidize  the  hydroquinon  or 
other  oxidizable  substance,  which  ordinary  molecular  oxygen  is 
powerless  to  oxidize.     Thus 

MnO  +  02  =  MnO,  +  0, 

and 

CeH,(OH),  +  0=CeHA  +  HA 

In  the  presence  of  an  acid,  R'H^^  and  a  substance  like  hydroquinon 
the  latter  is  oxidized.  Thus  a  further  amount  of  hydroquinon  is 
oxidized  and  the  manganese  salt  regenerated,  thus: 

R"Ii^  +  MnO,  =  R"Mn  +  H,0  +  O, 

and 

CeH,(OH),  +  0=CeHA  +  H,0. 

In  harmony  with  this  view  Bertrand  proved  that  while  manganese 
peroxide  is  stable  in  dilute  acids  it  is  reduced  on  adding  hydroqumon, 
with  the  production  of  quinon  and  a  manganous  salt.  He  was  there- 
fore led  to  consider  the  oxidases  whose  oxidizing  powers  are  so  greatly 
intensified  by  a  manganese  salt  as  special  combinations  of  man- 
ganese and  an  acid  radicle,  the  latter  probably  of  a  proteid  nature 
and  partaking  of  the  nature  of  a  ferment  and  having  just  the  affinity 
necessary  to  maintain  the  metal  in  solution.  According  to  this  con- 
ception the  manganese  would  be  the  really  active  element  of  the  oxi- 
dase, so  far  as  the  activation  and  transfer  of  oxygen  is  concerned, 
whereas  the  acid  albuminoid  radicle  would  impart  to  the  ferment  its 
other  properties,  such  as  its  conduct  toward  heat,  solubility,  etc. 
According  to  Key-Pailhade  C*^)  the  reducing  ferment  which  he  has 
described  under  the  name  of  "philothion"  possesses  the  properties  of 
the  acid  albuminoid  radicle  of  the  oxidases. 

Other  observers  have  found  manganese  in  oxidases.  Thus  Lepi- 
nois  C^)  found  both  manganese  and  iron  in  the  oxidase  of  the  roots 
and  leaves  of  aconite  and  belladonna.  Carles  ("•')  found  manganese 
in  quantity  in  the  oxidase  of  valerian  root.  According  to  Vitali  ("") 
the  oxidase  of  pus  contains  a  trace  of  manganese,  and  to  this  it  owes 
its  oxidizing  properties.  Aso  C'^)  likewise  found  both  manganese 
and  iron  in  the  ash  of  the  oxidase  of  tea  leaves.  Portier  C^^)  has 
also  shown  that  the  activity  of  the  oxidase  of  the  branchies  of 
Artemis  exoleta  is  generally  increased  by  the  addition  of  small  amounts 
of  sulfate  of  manganese. 

According  to  Bach  and  Chodat  CO  manganese  is  also  the  active 
agent  of  the  peroxidases.  Kelley  ('-*")  has  recently  shown  that  pine- 
apple plants  containing  a  high  percentage  of  manganese  contain  a  more 
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active  oxidase  than  plants  which  have  onh^  small  percentages  of  th: 
element. 

On  the  other  hand,  oxidases  have  been  obtained  whicli  contain  no, 
manganese.  Thus  Sarthon  (357.359)  found  the  oxidase  of  SchimLSl 
moUe  to  contain  iron,  calcium/  and  sodium,  but  no  manganese;  ac-j 
cording  to  this  author  the  oxidizing  power  of  this  oxidase  is  propor-» 
tional  to  its  iron  content.  Vadam  ("s-^^q)  found  iron  but  no  man- 
ganese in  the  ash  of  an  oxidase  from  hellebore.  According  to  Stoeck- 
lin  (^^^),  manganese  is  not  present  in  the  ash  of  the  oxidase  from  horse- 
radish. 

It  is  evident,  therefore,  that  certain  metals,  such  as  iron,  manga-, 
nese,  and  copper,  one  or  more  of  them,  enter  into  the  composition  of  | 
the  oxygen  carriers  present  in  the  living  organism  as  essential  ingre- ' 
dients.     In  this  connection  it  is  interesting  to  note  that  small  amountsi 
of  manganese  greatly  accelerate  a  number  of  chemical  processes. 
Thus  according  to  Villiers  0^0  if  f^ne  boils  equal  volumes  of  a  satu- 
rated solution  of  oxalic  acid  and  hydrochloric  acid  containing  25  per 
cent  of  HCl,  and  nitric  acid  equally  dilute,  there  is  not  produced 
any  disengagement  of  gas,  even  after  a  long  time;  on  the  other  hand, 
if  one  adds  to  the  solution  a  trace  of  a  manganese  salt  the  action 
develops  instantly  and  there  is  produced  a  regular  disengagement  of 
carbon  dioxide  and  nitrogen.     This  authin'  has  compared  the  action 
of  a  manganese  salt  to  that  of  a  mineral  ferment  {J\rnttnis  minrraux). 
In  another  communication  he  ("^)  describes  the  use  of  small  amounts 
of  a  manganese  salt  in  the  destruction  of  organic  matter  in  toxico- 
logical  analysis,     Gigon  and   llosenberg  (^'•'■')  have  observed  that  the 
presence  of  small  amounts  of  manganous  or  ferrous  sulfate  increases 
very  markedly  the  digestion  of  starch  by  the  diastatic  ])l()()d  I'ennent  .j, 
and  by  the  pancreatic  diastase.  ' 

Attempts  have  been  made,  therefore,  to  prepare  artiticial  oxidases 
by  means  of  certain  manganese  and  iron  com])ounds,  and  some  ob 
servers  have  pohited  out  various  analogies  existing  between  certain 
metallic  salts  and  the  oxidases.  Thus  according  to  Trillat  ("")  when 
a  sniidl  ([uantity  of  jnanganese  chloride  is  added  to  a  dilute  solnlion 
of  frcsli  egg  albumin  (.3  parts  to  100  of  water)  and  the  solution  mado 
faintly  idkalinc  with  caustic  soda  or  potash  there  is  produced  a  solu- 
tion whicli  in  the  raw  state  r;i])i<lly  turns  brown  in  the  air,  tlie  change 
of  color  begiiming  on  tlie  ii|)|)er  surface  of  the  licpiid.  In  contact 
will)  the  air  this  solution  has  been  found  to  blue  guaiacuni  and  to 
o.xidize  hydroquinon<>  with  the  ])ro(hi<'tion  of  (juinone.  and  ])yrogallic 
acid  (o  ])i..'])nrogalhn.  Thus  with  a  solution  of  alkali  alone  a  given 
(|uantity  of  ])yrogallic  acid  gave  0.102  gram  of  purpurogallin,  whereas 
nn<h>r  the  same  conditions  the  albuminous  solution  containing  man 
ga nese  gave  ().()! 7  gram  of   pnrpurogalhn.     It  was  observed,  furtlier, 
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that  the  oxidation  of  the  phenols  is  accompanied  by  the  evolution  of 
carbon  dioxide.  With  certain  colloids  the  artificial  oxidase  result- 
ing from  admixture  with  the  manganese  salt  could  be  precipitated 
with  alcohol  and  the  precipitate  redissolved  with  water  without  los- 
ing its  oxidizing  powers.  For  the  most  part  heat  destroys  the  oxi- 
dizing power  of  such  solutions.  Thus  when  heated  to  105°  C.  for 
twenty  minutes  the  solution  no  longer  oxidizes  guaiacum  nor  certain 
diphenylme thane  derivatives.  The  effect  of  heat  is  also  seen  in  the 
several  amounts  of  oxygen  absorbed  by  pyrogallic  acid  under  the 
influence  of  the  fresh  and  heated  solutions ;  thus : 


\ 


Absorption  in  cubic 
centimeters. 

1.  With    the    fresh    unboiled    solution    the    following 

45.0 
0.0 

38.0 
5.0 

47.0 
3.0 

It  is  evident,  therefore,  that  colloidal  solutions  of  manganese  hydrox- 
ide obtained  by  the  action  of  caustic  soda  on  manganese  salts  in  the 
presence  of  albumin  and  similar  colloidal  substances  exhibit  properties 
closely  resembling  those  of  the  natural  oxidases. 

Garrigou  C^")  has  found  certain  metals  to  exist  in  a  colloidal  con- 
dition in  mineral  waters.  According  to  this  author,  therefore,  such 
substances  possess  the  properties  of  natural  oxidases,  and  to  them 
he  ascribes  the  beneficial  results  which  attend  the  drinking  of  such 
waters  and  which  are  the  result  of  more  vigorous  oxidations  in  the 
tissues.  A.  and  L.  Lumiere  and  Chevrotier  C^°)  have  confirmed  the 
work  of  Trillat  ("'')  on  the  oxidizing  power  of  colloidal  solutions  of 
manganese  and  the  general  analogy  of  such  solutions  to  the  oxidases. 
According  to  these  authors,  colloidal  solutions  of  any  metal  capable 
of  existing  in  two  or  more  states  of  oxidation  should  exhibit  proper- 
ties similar  to  those  shown  by  the  oxidases,  the  state  of  division  of  the 
colloidal  substance  also  determining  the  oxidizing  power  of  the  sub- 
stance. As  a  matter  of  fact,  they  found  that  emulsions  of  iron  and 
cerium  in  albumin,  gelatin,  or  gum,  have  the  power  to  blue  guaiacum, 
oxidize  liydroquinon,pyrogallol,guaiacol,  and  para-phenylene  diamin, 
but  less  actively  than  emulsions  of  manganese.  These  authors  also 
sought  to  utilize  these  properties  in  destroying  the  bacterial  poisons, 
since  it  is  known  that  such  poisons  are  destroyed  by  powerful  oxi- 
dizing agents.  As  a  matter  of  fact,  they  found  that  the  death  of  an 
animal  by  tetanus  toxin  was  greatly  delayed  by  the  administration 
of  these  artificial  oxidases,  and  that  with  a  slightly  acitl  oxidase  and 
tetanus  toxin  the  animal  did  not  show  the  slightest  sign  of  intoxi- 
cation. 
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Robin    and    Bordet  C^°)    have    also    investigated    the    action    of  | 
artificial  oxidases  in  infectious  diseases  and  have  arrived  at  the  con-  I 
elusion   that   the   colloidal   metals,   especially   manganese,   promote  ; 
oxidation  in  the  tissues  and  intensify  metabolism. °     They  claim  also  j 
to  have  confirmed  the  work  of  A.  and  L.  Lumiere  and  Chevrotier  I 
(sui)ra)  on  the  curative  action  of  such  substances.     Fouard  ("*)  has  i 
observed  that  the  halides  of  the  alkalis  and   the  alkaline  earths 
exercise  a  catalytic  action  in  the  fixation  of  oxygen  by  the  polyi)he- 
nols,  and  that  the  chlorides  of  the  rare  earths  act  even  more  vigor- 
ously as  oxygen  carriers  (^").     In  the  title  of  the  latter  article,  C"), 
he  refers  to  these  reactions  as  of  the  oxidase  type,  and  yet  there  is  , 
nothing  to  indicate  that  the  activity  of  these  carriers  is  destroyed! 
by  heat,  so  that,  to  my  mind,  the  analogy  is  only  the  ])roduct  of  a| 
very  active  imagination. 

Martinand  C^^)  has  also  ])ointod  out  that  the  oxides  of  the  alkalis 
and  alkaline  earths  which  form  solul)le  ])eroxides  and  ])ercarbonatos, 
give  reactions  similar  to  organic  i)eroxidases.     lie  calls  attention  tq 
certain  analogies  existing  between  the  oxides  of  the  alkalis  and  th 
alkaline  earths  and  the  organic  oxidases  on  the  one  hantl  and  to  those 
existing  between  certain  metallic  salts  and  the  ])eroxidases  on  th 
other.     He  is  of  the  opinion  that  these  inorganic  oxidases  can  h 
considered  as  similar  to  the  organic  oxidases  in  that  the  former  ar 
made  up  of  a  peroxidase,  which  is  a  salt  of  the  metal,  and  an  oxy 
genase,  which  is  the  peroxide  formed  by  the  action  of  the  air  on  tlie 
salt.     Like  the  organic  oxygenases,  the  inoi-ganic  oxygenase  can  b« 
rei)laced  by  hydrogen  ])eroxide.     These  analogies  fall  short,  luiwever, 
in  that  they  fail  to  take  into  account  the  destructive  action  of  hea' 
on  the  oxi(hises  and  ])eroxidases.     Wolff  O'"')  has  shown  that  certairf 
mineral  salts  can  i)lay  the  part  of  peroxidases.     Thus,  if  a  trace  op 
ferrous  sulfate  (less  than  one  ])art  per  milHon)  be  atlded  to  an  old; 
tincture  of  guaiacum,  or  to  a  fresh  tincture  containing  a  trace  of} 
hy(h"ogen  ])eroxi(le,  a  very  intense  blue  coloration  is  obtained.     (): 
heating  the  solution  containing  ferrous  sulfate  and  hydrogen  i^eroxide 
it  loses  its  ])ower  to  blue  guaiacum,   and   traces  of  mineral   acic 
]>revent  the  bluing  of  guaiacum  by  the  ferrous  sulfate  and  hydroge: 
peroxide  just  as  they  prevent  the  action  t)f  the  peroxidases,  the  dosagi 
refpiircd  to  iidiibit  the  reaction  being  the  same  in  l)oth  cases.     Accord- 
ing to  this  author  these  reactions  closely  resend)le  those  produceil  wit 
])lant  extracts  containing  ])eroxidase,  such  as  extract  of  malt,  etc. 
and  he  is  of  the  o])ini(m  that  s])ecial  interest  attaches  to  these  obser^ 
vat  ions  in  vi«>w  of  the  fact  that  salts  of  iron,  like  tli(>  ])er()xidaseS| 
are  very  widely  distributed  among  living  things.      He  lias  shown  (*''^' 
fmther    that    certain    colloidal    com])oun(ls   of    iron    are    |)i:acticall; 
identical   with   the   jjcroxy diastases  (a  name   recently   j)rt)posetl   b 

"  Tn  iliJM  i-onnection  see  also  S^e  ('*")  and  Schade  (™"). 
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Bertrand  for  the  peroxidases).  Thus  with  infinitesimal  amounts  of 
colloidal  ferrocyanide  of  iron  he  claims  to  have  been  able  to  reproduce 
all  of  the  reactions  of  the  peroxidases.  Thus  it  is  filterable  without 
loss  of  activity,  its  activity  is  weakened  after  one  minute's  boiling, 
and  traces  of  mineral  acids  reduce  its  activity.  It  is  also  sensitive  to 
an  excess  of  hydrogen  peroxide,  as  has  been  observed  by  Bach  and 
Chodat  (")  for  the  plant  peroxidases.  Other  compounds  of  iron  and 
cyanogen  exhibit  similar  properties,  although  less  active  than  the 
ferrocyanide.  In  another  communication,  entitled  ''Artificial  Per- 
oxy diastases,"  Wolff  0")  points  out  that  ferrous  ferrocyanide  acts 
in  all  respects  like  a  natural  enzyme.  On  the  other  hand,  Wolff  and 
Stoecklin  (^''°)  have  found  that  while  colloidal  ferrous  ferrocyanide 
acts  like  a  peroxidase  toward  phenols,  it  fails  to  accelerate  the 
oxidation  of  hydriodic  acid  by  hydrogen  peroxide.  They  conclude, 
therefore,  that  the  catal3^tic  action  of  vegetable  peroxidases,  such 
as  extract  of  malt,  on  this  reaction,  is  due  to  a  special  enzyme  which 
may  be  eliminated  by  careful  purification  of  the  peroxidases.  Con- 
tinuing these  investigations,  Wolff  C'^*)  has  shown  that  a  feebly 
alkaline  solution  of  ferrous  ferrocyanide  acts  as  an  oxidase  toward 
hydroquinone.  He  also  points  out  that  the  alkalinity  of  the  liquid 
plays  a  principal  r^le  in  such  oxidation  phenomena.  Thus  the 
manganous  salts  employed  by  Bertrand  C'^-  ">  ^^)  in  his  studies  of  the 
effect  of  manganous  salts  on  the  oxidation  of  hydroc^uinon,  were 
always  found  to  be  alkaline  toward  alizarin  sulfate,  helianthin,  and 
even  in  certain  instances  to  turmerol.  It  was  also  shown  by  Wolff 
that  the  activity  of  neutral  manganous  salts,  such  as  the  sulfate  is 
considerably  increased  by  the  addition  of  traces  of  pyridin,  w^hich 
does  not  precipitate  manganese  from  its  solutions. 

Euler  and  Bolin  Q'''^)  have  also  studied  the  oxidation  of  hydro- 
quinone in  alkaline  solution  under  the  influence  of  manganese  salts. 
The  relationship  of  the  manganous  salt  and  alkali  is  compared  to 
that  of  the  enzyme  and  co-enzyme.  These  authors  have  also  shown 
that  laccase  has  no  action  on  hydroquinone  in  the  absence  of  man- 
ganous salts,  thereby  confirming  the  work  of  Bertrand  C^-  ■'^).  They 
showed  further  that  laccase  is  not  of  the  enzyme  type,  since  solutions 
of  it  could  be  boiled  for  three  minutes  without  destrojnng  their 
activity.  It  was  also  foimd  that  salts  of  the  hydrox3-acids,  such  as 
Rochelle  salts,  sodium  citrate,  calcium  glucinate,  and  sodium  mucate, 
accelerate  the  oxidation  of  hydroquinone  in  a  marked  manner  when 
manganese  salts  are  present,  and  these  authors  have  suggested  that 
laccase  owes  its  activity  to  the  presence  of  such  salts. 

According  to  Stoecklin  C'^),  iron  tannate  can  act  as  a  peroxidase, 
causing  the  oxidation  of  guaiacol  and  tyrosin  and  the  conversion  of 
alcohol  into  aldehyde  by  hydrogen  ])eroxide. 
11670— Bull.  50— U) 9 
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During  the  last  two  or  three  years  Dony-Henault  ("^)  and  his 
co-workers  have  carried  out  a  number  of  investigations  on  the  sub- 
ject of  the  oxidases.  According  to  this  author  the  oxidizing  action 
of  laccase  is  not  really  due  to  a  specific  enzyme  but  to  the  presence  of 
manganese  salts,  the  activity  of  which  is  stimulated  by  hydroxyl  ions, 
lie  is  inclined  to  the  opinion  that  too  much  stress  has  been  laid  on  the 
inhibition  of  catalytic  processes- by  heat,  as  indicative  of  the  action  of 
enzymes.  On  the  other  hand  he  is  of  the  oi)inion  that  in  the  presence 
of  colloids,  manganese  salts  would  be  decomposed  in  aqueous  solution 
by  heating  to  100°  C,  and  thereby  lose  their  oxidizing  power.  Arti- 
ficial laccase  has  been  prepared  by  this  author  0**)  by  adding  iron 
formate  to  blood  serum  and  twice  precipitating  with  alcohol.  The 
substance  thus  obtained  was  found  to  show  the  reactions  character- 
istic of  natural  laccase,  but  much  less  intensely.  Still  other  artificial 
laccases  were  prepared  by  precipitating  gum  arable  with  alcohol  in 
the  presence  of  manganous  and  other  salts.  A  very  active  ]ire])aration 
was  obtained  by  preci])itating  a  solution  containing  10  grams  of 
gum  arable,  1  gram  of  manganese  formate,  and  0.4  gram  of  crystal- 
lized sodium  carbonate  in  50  c.  c.  of  water,  with  alcohol.  The 
])rcci])itate  was  filtered  off,  redissolved  in  water,  filtered,  and  repre- 
cii)itated.  This  second  precipitate  when  washed  and  dried  consti- 
tutcMl  the  active,  artificial  laccase.  The  fact  that  artificial  laccases 
can  be  obtained  without  resorting  to  the  use  of  albuminous  substances 
in  these  preparations,  as  was  done  by  Trillat  (""),  indicates  that 
Bortrand's  idea  that  laccase  contains  an  acid  ])roteid  radical  is 
incorrect.  Dony-IIenault  is  of  the  opinion,  therefore,  that  laccase 
as  a  distinct  oxidizing  enzyme  does  not  exist.  He  explains  the 
hardening  and  blackening  of  the  juice  of  the  lac-tree  as  due  to  the 
action  of  nuinganese  in  the  presence  of  alkalis. 

This  author  has  also  criticised  all  previous  wt)rk  on  the  oxidases  on 
the  ground  that  wliereas  in  the  study  of  the  digestive  ferments  we 
have  employed  for  tiie  investigation  the  true  substratuui  u|>on  which 
they  normally  act,  thus  for  diastase  we  use  starch  and  for  invertaso, 
cane  sugar,  the  action  of  the  oxidases  has  been  studied  upon  artificial 
or  fictitious  substrata,  such  as  guaiacol,  hydroquinone,  etc.  He  i| 
therefore  distinguishes  between  diastatic  or  enzymic  action  and  cat- 
alytic action,  the  former  being  specific  whereas  the  latter  is  variable  or 
general,  and  he  conclude.s  that  foi"  the  reason  that  the  known  oxidizing 
fennc^nts  act  u|)on  a  uuiuber  of  oxidizable  substances,  they  can  not  be 
true  enzymes,  lie  is  of  tlu"  opinion,  thei'efore.  thai  the  belief  in  the 
exislence  of  oxidases  |)roj)cr  docs  not  rest  uj)on  a  sullicieutly  rigorous 
e.\|)(M'iniental  basis.  On  llic  olhcr  hand  it  would  sc(>m  preposterous 
to  assume  the  existence  of  si^vcra!  do/cn  or  a  hundred  tlistinct  lipo- 
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lytic  ferments  in  the  liver  for  the  reason  that  an  aqueous  extract  of 
this  organ  can  hydrolyze  a  large  number  of  ethereal  salts,  and  it  would 
indeed  be  surprising  to  find  that  an  oxidase,  such  as  laccase,  could 
oxidize  but  one  substance,  viz,  laccol,  and  not  other  phenols,  espe- 
cially in  view  of  the  close  analog}^  existing  between  this  compound 
and  the  phenols  as  to  constitution  and  properties.  On  the  other 
hand  certain  of  the  oxidases  are  apparently  as  specific  in  their  eftects 
as  any  other  ferment ;  thus  tyrosinase  has  the  power  of  bringing  about 
the  oxidation  of  tyrosin,  whereas  the  latter  is  not  acted  upon  by 
laccase.  Effront  Q-'^''')  is  of  the  opinion  that  the  individuality  of  two- 
sinase  and  laccase  has  been  established  definitely,  so  that  conclusions 
of  this  kind  are  open  to  considerable  objection. 

SjoUemanC^)  states  that  by  adding  a  solution  of  Seignette  salt  to 
a  solution  of  manganous  sulfate  or  acetate,  and  then  hydrogen  per- 
oxide and  then  sodium  h^^droxide,  one  obtains  a  dark  brown  solution 
of  manganous  oxide,  which  shows  itself  to  be  colloidal  on  diah'sis 
and  toward  electrolytes,  and  which  retams  its  dark  brown  color  for 
several  weeks.  This  solution  has  been  found  to  give  characteristic 
reactions  for  the  oxidases,  and  to  decompose  hydrogen  peroxide  like 
potassium  permanganate.  The  author  calls  attention  to  the  occur- 
rence of  manganese  in  plants  as  of  interest  in  this  connection,  and 
states  that  manganese  probably  plays  an  important  rdle  in  the  oxida- 
tions occurring  m  the  soil.     (See  Schreiner  and  Reed  C^°). 

PEROXIDASE  ACCELERATORS  AND  AUXILIARY  OXYGEN  CARRIERS. 

In  his  investigation  of  the  ozonic  reactions  of  certain  mushrooms  it 
was  shown  by  Schoenbein  ("^)  that  guaiacum  blue  (believed  by  him  to 
be  an  ozonid),  which  results  from  the  action  of  the  juices  of  such  fungi 
on  tincture  of  guaiacum,  can  m  turn  oxidize  other  oxidizable  sub- 
stances, as  a  result  of  which  action  the  guaiacum  blue  is  reduced  and 
decolorized.  It  has  been  recently  shown  by  Kastle  (^^^)  that  per- 
oxidase oxidations  also  are  in  many  cases  greatly  accelerated  by  the 
action  of  certain  phenols.  Thus  it  was  observed  by  Kastle  and 
Porch  C^^)  that  the  oxidation  of  guaiacum,  paraphenylen  diamin, 
and  phenolphthalin  by  hjdrogen  peroxide  under  the  influence  of  the 
peroxidase  of  milk  is  greatly  accelerated  by  phenol,  the  cresols,  and 
by  beta-naphthol,  and  similar  results  have  been  obtamed  by 
Kastle  C^^)  with  peroxidases  from  a  number  of  different  sources. 
According  to  this  author  the  peroxidase  accelerators  probably  act  in 
the  capacity  of  auxiliary  oxygen  carriers  and  are  themselves  more  or 
less  completely  oxidized  in  such  processes.  Thus  if  P  represents  the 
peroxidase.  A  the  auxiliary  oxygen  carrier,  and  B  the  peroxidase 
reagent,  that  is,  the  substances  whose  oxidation  is  really  under  obser- 
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vation,  the  changes  taking  place  might  be  represented  graphically 
as  follows: 

(1)  P  +  H^O.^PO,; 

and 

(2)  PO,+A=P+AO,; 

or 

(3)  2PO,  +  A  =  2PO+AO„ 

and 

(4)  AO,  +  B=AO+BO, 

and  since,  as  has  been  shoNni  by  Bach  and  Chodat  (")  the  oxidases 
consist  of  an  oxygenase  (an  organic  peroxide)  and  a  peroxidase,  it  is 
readily  conceivable  that  oxidations  accomplished  by  the  oxidases 
might  also  be  accelerated  by  certain  oxidizable  substances.  Thus 
huTol  itself  migiit  function  as  a  peroxidase  accelerator  and  in  its 
oxidation  by  laccase  it  might  accomplish  the  oxidation  of  other  less 
readily  oxidizable  substances  contained  in  the  juice  of  the  lac-tree. 

CATALASES. 

One  of  the  most  characteristic  ])roi)erties  of  hydrogen  peroxide  is  j 
the  case  with  which  it  is  decomposed  into  water  and  oxygen.  Thus 
in  the  earher  researches  on  this  substance  by  Thenard  ("°'^-')  it  was 
observed  that  this  decom])osition  can  be  effected  by  fmely  divicknl 
metals,  by  the  oxides  antl  ]ieroxides  of  the  heavy  metals,  and  also 
by  substances  of  animal  origin  such  as  fibrin.  We  have  already  seen 
that  these  observations  were  greatly  extemUMl  by  Schoenbein  {^^^). 
He  proved  that  certain  ])lant  juices  l)huHl  guaiacum  directly;  after 
standing  for  a  short  time,  however,  they  lose  this  ])ro]HMty  but  still 
retain  the  ])()wer  to  blue  guaiacum  in  the  ])resence  of  hydrogen  perox- 
ide, although  this  i)roperty  is  also  lost  after  a  time.  Such  extracts 
and  juices  were  also  found  to  have  the  ]H)wer  of  decomposing  liydro- 
«ren  peroxide  with  the  evolution  of  oxvi^en  <:as.  and  as  a  general  thing 
he  observed  that  extracts  and  tissues  having  the  ])ower  io  decom- 
pose hydrogen  ])eroxide  have  also  the  i)<)wer  to  blue  guaiacum  if 
hydrogen  ]n'r<)xide  is  ])resent.  Yeast  and  reimin,  however,  ])roved 
to  be  exce])tional  in  their  conduct  in  this  regard.  Both  of  these 
substances  were  found  by  S(hoenl)ein  to  deeom])Ose  hydrogen  ])er- 
oxide,  yet  neither  had  the  ])ower  to  blue  guaiacum  in  the  luvsence 
of  hydrogen  ])eroxide.  According  to  Schoenbein  the  power  to  decom- 
pose hydrogen  jxToxide  and  to  blue  gUiiiaeuni  containing  small 
amounts  of  tlie  ])eroxide  were  not  s])eeilie  |)i()i)ert ies  of  any  ])articu- 
jjir  class  of  substances  but  rather  general  ])ro])erties  of  all  soluble  fer- 
ments, since  the  soluble  ferments  e\hii)it  these  chnnges  and  since  the 
loss  of  its  si)ecilic  activity  on  the  i)art  of  any  pnrticulnr  soluble  fer- 
ment by  the  action  of  heat  or  othenvise  is  attended  with  the  loss  of 
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its  activities  toward  hydrogen  peroxide  and  a  mixture  of  this  sub- 
stance with  guaiacum.  As  a  matter  of  fact,  he  was  led  to  regard 
the  decomposition  of  hydrogen  peroxide  into  water  and  oxygen  as 
accomphshed  by  these  various  agents  as  the  prototype  of  all  fermenta- 
tion C*'';  page  335).  These  erroneous  ideas  prevailed  for  a  number 
of  years.  Thus,  according  to  Fltigge  (i")  cited  by  Loew("«),  all 
enzymes  can  decompose  hydrogen  peroxide,  and  in  1900  Babcock  and 
Russell  (")  attempted  to  measure  the  activity  of  galactase,  the  pro- 
teolytic ferment  of  milk,  by  the  activity  of  an  aqueous  extract  of 
the  separator  shme  toward  paraphenylen-diamin  and  hydrogen 
peroxide  (von  Storch's  reagent). 

Gradually,  however,  facts  accumulated  in  the  literature  tending 
to  show  that  the  power  to  decompose  hydrogen  peroxide  and  to  blue 
guaiacum  by  means  thereof  were  not  general  properties  of  all  soluble 
ferments,  nor  were  the  two  properties  necessarily  correlated,  but  that 
they  were  specific  properties  of  distinct  sets  of  substances.     Thus 
Bergengriin  C-^)  in  1888   obsei-ved  that  the  fibrin  ferment  does  not 
decompose     hydrogen     peroxide.     Similarly    Jacobson  ("^)     demon- 
strated that  the  property  of  certain  soluble  ferments  to  decompose 
hydrogen  peroxide  could  be  destroyed  by  heating  to  certain  temper- 
atures and  by  the  action  of  acids  and  alkalis  without  in  any  way 
injuring   the   specific   activity   of   the   particular  ferment.     So   also 
RaudnUzC'*)  from  his  studies  on  the  oxidases  of  milk  reached  the 
conclusion  that  the  substance  in  milk  which  decomposes  hydrogen 
peroxide  is  essentially  different  from  that  which  gives  the  guaiacum 
reaction.     Lepinois  &')  also  pointed  out  as  the  result  of  his  studies 
on  the  ferments  decomposing  hydrogen  peroxide,  that  there  is  not 
always  a  parallelism  between  the    quantities  of    oxygen  liberated 
and  the  intensity  of  other  reactions,  such  as  the  bluing  of  guaiacum, 
the  reddening  of  guaiacol,  etc.     Finally,  in  the  course  of  the  exam- 
ination of  a  number  of  samples  of  tobacco  for  oxidases,  Loew  ("^) 
observed  that  aqueous  extracts  of  certain  of  the  samples  of  cured 
tobacco  gave  an  abimdant  evolution  of  oxygen  on  the  addition  of 
liydrogen  peroxide,  without  giving  a  blue  color  with  guaiacum.     lie 
])roved  the  absence   of  diastase   and  emulsin  in  these  samples  of 
tobacco,  so  that  evitlently  the  i)ower  of  such  extracts  to  actively 
decompose  hydrogen  peroxide  is  not  due  to  either  of  these  ferments. 
He  showed  further  that  active  preparations  of  certain  of  the  fer- 
ments, such  as  diastase,  emulsin,  and  papayotin,  from  other  sources, 
are  without  action  on  the  peroxide,  so  that  evidently  the  power  to 
decom])ose  hydrogen  ])eroxide  is  not  a  general  i)roperty  of  enzymes. 
He  found  further  that  certain  liquids  and  extracts  have  the  power  of 
bluing  guaiacum  in  the  presence  of  hydrogen  peroxide,  which  have 
not  the  slightest  power  of  decomposing  the  ])eroxide  into  water  and 
oxygen,  and  conversely,  certain  kinds  of  animal  and  vegetable  mat- 
ters have  the  power  of  vigorously  decomposing  hydrogen  peroxide 
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without  fj:iving  the  peroxidase  reaction  with  guaiacum.  ThiLs  it 
often  hapi>cns  that  sam})les  of  cured  tobacco  have  the  power  of  de- 
conii^osing  hychogen  jjeroxide,  ofttimes  veiy  actively,  and  yet  have 
no  ])ower  to  l^hie  fjuaiacum  either  alone  or  in  the  i)resence  of  hydro- 
gen peroxide.  On  the  other  hantl,  an  aqueous  extract  of  the  fresh 
green  leaves  of  tobacco,  containing  one-fifth  of  its  volume  of  absolute 
alcohol,  showed  both  the  oxidase  and  ])eroxidase  reactions  with  guaia- 
cum, whereas  such  extracts  had  no  power  to  decompose  hydrogen 
])eroxide.  It  would  seem,  therefore,  that  the  power  to  decompose 
hydrogen  ])eroxide  and  the  oxidase  and  peroxidase  reactions  ordi- 
narily exhibited  by  ])lant  and  animal  tissues  and  secretions  are  tlis- 
tinctly  different  properties.  According  to  Loew  ("^),  therefore,  the 
decomposition  of  hydrogen  ])eroxide  l)y  ]dant  and  animal  tissues  is 
due  to  a  special  enzyme,  to  which  he  gave  the  name  '"catalase."  " 

Still  other  observations  point  to  the  specific  nature  of  catalase. 
Thus  in  1902,  Pozzi-Escot  C^^)  observed  that  catalase  did  not  give 
the  guaiacum  reaction  nor   oxidize   hydioquinon.     Somewhat  later 

a  The  name  "catalase"  (spelled  by  these  authors  "katalase"),  together  with  the 
names  "oxygenase"  and  "peroxidase,"  has  recently  been  objected  to  by  Moore  and 
\\Tiitley  (•'"'*')  as  being  ill  chosen.  According  to  these  authors  "there  is  no  reliable 
evidence  of  this  destruction  of  hydrogen  peroxide  being  due  to  an  enzyme  at  all.'' 
They  point  out  that  it  is  not  specific,  and  that  the  decompo.-^ition  can  be  accomplished 
by  every  ferment  solution  of  whatever  type,  by  nearly  all  animal  and  vegetable 
fluids,  and  by  means  of  numberless  inorganic  catalysts.  "In  any  case  it  is  absurd,  " 
according  to  these  authors,  "to  give  it  a  name  which  belongs  to  or  includes  the  whole 
vast  range  of  catalytic  actions."  Every  true  enzyme  is  a  catalase  in  the  sense  that 
it  acts  catalytically,  and  why  a  catalytic  agent  which  happens  to  act  upon  hydrogen 
peroxide  and  which  furthermore  has  never  been  shown  to  be  a  specific  enzyme 
Bhould  be  dignified  by  the  name  "catalase"  is  difficult  to  conceive.  Every  invonti- 
gator  in  this  field  will  no  doubt  appreciate  the  force  of  some  of  these  objections.  At 
the  same  time  there  are  doubtless  many  who  would  be  inclined  to  question  the 
exclusion  of  catalase  from  the  group  of  soluble  ferments.  The  mere  fact  that  innu- 
merable substances  decompose  hydrogen  peroxide  has  nothing  to  do  with  the  ques- 
tion. One  might  as  well  object  to  our  looking  upon  invertase  as  an  enzyme  for  the 
reason  that  innumerable  acids  can  hydrolyze  cane  sugar,  and  while  many  names 
in  science  are  ofttimes  nothing  more  than  apt  and  striking  catchwords,  they  have 
taken  such  a  firm  hold  in  the  minds  of  those  dealing  with  the  subject  that  it  is  prac- 
tically impossible  to  replace  them.  An  instance  of  this  kind  is  met  with  in  the  term 
"catalysis"  itself,  which  in  its  original  meaning  simply  begs  the  question  as  to  the 
inherent  causes  of  all  j)henomena  of  this  kind.  To  say  that  an  agent  simjjly  acts  by 
its  presence  is  merely  emi)hasi/,ing  the  most  obvious  phase  of  the  whole  phenomenon, 
aUd  conveys  no  insight  into  the  causes  thereof,  which  after  all  are  the  things  which 
we  are  chielly  con<erned  in  di.xcovering,  and  yet  it  is  (luile  likely,  from  the  present 
drift  of  things,  that  the  term  "catalysis"  will  remain  long  after  contemj^orary  riiem- 
ists  have  ceased  to  have  a  voice  in  the  shaping  of  chemical  thought.  If  a  committee 
of  chemists,  philologists,  and  advocates  of  the  simple  spelling  were  all  to  get  to- 
gethf'r  with  the  exjjress  purpos.>  of  introducing  new  names  for  the  oxidases,  peroxi- 
dases, and  cat^ilases  it  is  more  than  likely  that  the  result  would  be  something  far  less 
euphonious  and  suggestive  and  of  less  real  meaninc:  than  tlio  names  which  the.ne 
substances  now  bear. 
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Senter  0°")  isolated  from  the  blood  a  catalase  of  remarkable  activity, 
which  he  called  "hemase,"  and  which  was  without  action  upon  guaia- 
cum  even  in  the  presence  of  hydrogen  peroxide.     More  recently  L. 
Liebermann  ('"")  has  shown  that  an  aqueous  extract  of  the  mesenteric 
fat  of  the  hog  and  rabbit  decomposes  hydrogen  peroxide  energetically, 
without  being  able  to  oxidize  guaiacum.     According  to  Xeumann- 
WenderC*«)  yeast,  by  heating  to    45°  to  50°  C,  loses  its  power  to 
induce  alcohohc  fermentation,  whereas  the   yeast   catalase  is  only 
destroyed  at  68°  to  70°  C.     He  also  showed  that  yeast  in  which  the 
maltase  has  been  destroyed  still  retained  its  catalytic  power.     L.  and 
P.  Liebermann  ("")   have  also  shown   that  the  catalase  of  malt  is 
destroyed  by  heating  extract  of  malt  to  80°  C,  or  by  shaking  it  with 
mercuric  oxide  and  magnesia,  whereas  the  solution  can  still  exhibit 
the  guaiacum   reaction,   especially  if    oil  of    turpentine  be  added. 
Hence  they  conclude  that  only  the  peroxidase  is  concerned  in  the 
oxidation  of  the  guaiacum.     Pure  hemoglobin  is  powerless  to  effect  the 
decomposition  of  hydrogen  peroxide,  and  yet  it  acts  as  a  powerful 
oxygen  carrier  m  a  mixture  of  hydrogen  peroxide   and  guaiacum. 
The  general  drift  of  modern  opinion  seems  to  be,  therefore,  that  the 
catalases  and  peroxidases  are  distinctly  different  ferments. 

So  far  as  its  occurrence  is  concerned,  catalase  seems  to  be  one  of 
the  most  widely  distributed  of  any  of  the  enzymes.  Thus  from  his 
own  observations  Loew  ("')  arrived  at  the  conclusion  that  there  does 
not  exist  a  group  of  organisms,  or  any  organ,  or  even  a  single  vegetable 
or  animal  cell,  that  does  not  contain  some  catalase. 

According  to  Loew("*),  vegetable  catalase  exists  in   two  forms, 
one  insoluble  and  the  other  soluble  in  water.     These  he  designated 
"a-"  and  "/3-catalase,"  respectively.     According  to  him,  a-catalase 
is  probably  a  compound  of  ^-catalase  with  a  nucleo-proteid,  while 
the  ^9-catalase  is  an  albumose,  and  can  be  liberated  from  the  insoluble 
form  (a-catalase)  by  means  of  a  dilute  alkali.     He  found  that  cured 
tobacco    contains   but   little   soluble   catalase    (/?-catalase),    whereas 
well-sweated  tobacco  contains  a  great  deal.     Water  alone  dissolves 
only  traces  of  a-catalase,  while  the    prolonged  action  of  water  at 
moderately  liigh  temperatures  gradually  splits  off  .?-catalase,  espe- 
cially if  a  small  amount  of  s(  dium  carbonate  be  added.     Whether  the 
vegetable  catalases  obtained  from  different  sources  are  identical  in 
composition  and  nature,   and  whether  they  are  identical  with  the 
animal  catalases,  is  as  yet  unknown.     By  most  observere  the  cata- 
lases are  regarded  as  enzymes.     They  may  be  obtained  in  perfectly 
clear  solution;  thus  Senter  C^")  found  that  the  catalase  of  blood  passes 
through  the  Berkefold  filter.     They  are  destroyed  by  heat;  Loew  ("') 
found^that  vegetable  catalase  is  destroj'ed  at  80°  C;  according  to 
SentorO""),  hemase  is  destroyed  at  65°  C;   Neumann  Wender  0'») 
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found  yeast  catalase  to  lose  its  activity  at  70°  C,  although  the  dry 
yeast  catalase  could  be  heated  to  100°  C.  without  bemg  destroyed. 

The  kinetics  of  the  decomposition  of  hydrogen  peroxide  by  catalase 
(hemase)  and  various  inorganic  catalysts,  especially  the  colloidal  metals 
(inorganic  ferments),  has  been  exhaustively  studied  by  Senter  0"")  and 
also  by  Bredig  (*"•").  The  decomposition  of  hydrogen  peroxide  both 
by  catalase  (hemase^)  and  by  the  colloidal  metals  has  been  shown 
to  conform  to  the  law  of  an  irreversible  monomolecular  process. 
With  constant  quantities  of  the  catalyst  the  velocity  of  the  decompo- 
sition has  been  found  to  be  diiectly  porportional  to  the  concentration 
of  the  peroxide  within  certain  limits.  At  small  concentrations, 
however,  both  with  the  ferment  and  inorganic  catalysts,  the  decom- 
position is  jjroportionately  slightly  greater  than  with  greater  concen- 
trations. In  other  words,  the  hydrogen  })eroxide  itself,  or  some 
imi)uiity  which  it  contains,  slightly  inhibits  the  decomposition.  With 
constant  amounts  of  the  hydrogen  peroxide,  especially  at  small  con- 
centrations, the  decomposition  has  been  found  to  be  proportional  to 
the  quantities  of  catalase  (hemase)  or  inorganic  catalyst  present. 
With  more  concentrated  solutions  of  the  catalase,  however,  both 
with  the  hemase  and  colloidal  metal,  the  velocity  of  the  reaction 
increases  more  rapidly  than  {\w  increase  in  the  concentration  of  the 
catalyst.  A  rise  of  temperature  of  10°  C.  increases  the  velocity  of  the 
decomposition  of  hydrogen  peroxide  by  platinum  1.7,  and  by  hemase 
1.5,  whereas,  according  to  van't  HolT  (^i")  for  most  chemical  processes 
the  velocity  is  doubled  by  such  an  increase  in  temj)eiature. 

The  power  to  decomjxjse  hydrogen  peroxide  as  shown  bi)th  by 
hemase  and  the  inorgaiiic  catalysts  is  greatly  inhibited  by  certain 
poisons  and  foreign  substances,  such  as  hydrocyanic  acid,  liydrogen 
sulfide,  hydi-oxylamin,  metallic  nitiates,  etc.,  at  very  great  dilutions; 
and  in  this  connection  Loevenhart  and  Kastle  (■")  made  the  inter- 
esting observation  that  the  activity  of  the  catalase  of  hog  liver  was 
greatly  inhibited  i)y  annnonium  sulfocyam'de.  whereas  it  was  ren- 
dered even  more  active  by  thiouiea. 

Since  the  recogniticm  of  catalase  as  a  specific  enzyme  its  occur- 
rence and  <listribu(ion  in  various  animal  and  vegetable  tissues  has 
been  investigated  by  a  number  of  observers.  AVe  have  seen  that 
SpitzerC"^  measured  (lu^  catalytic  power  of  various  animal  tissues 
towanl  hydrogen  j)eroxide  with  the  view  of  detenuining  their  relative 
oxidizing  i)ower.  The  various  auiiiial  tissues  have  been  found  to  vary 
greatly  in  catalytic  power.  Thus,  according  to  liattelli  and  Stem  (•'•') 
the  liver  contains  the  most  and  the  brain  the  least  amount  of 
catalase  of  any  of  the  tissues  exauiiiied.  'Hiey  found,  fuither,  that  the 
tissues  of  the  guinea  pig  contain  more  catalase  than  those  of  the  frog. 
Similarly  Jolles  and  Oppenheiui  (-'»)  found  that  the  tissues  of  warm- 


137 

blooded  animals  have  a  greater  catalytic  activity  than  those  of  cold- 
blooded animals,  such  as  the  fish.  In  1899  Carriere  (^^^)  examined 
a  number  of  normal  and  pathological  secretions  for  indirect  oxidases 
(peroxidases  and  catalases).  He  obtained  no  evidence  of  catalase 
in  the  urine  of  10  normal  persons,  nor  in  the  urines  of  persons  suffering 
from  diabetes,  hysteria,  or  chlorosis.  On  the  other  hand,  in  nephritis 
(Bright'^  disease),  tuberculosis,  and  in  acute  inflammation  of  the 
lungs,  the  urine  was  found  to  decompose  hydrogen  peroxide.  With 
other  normal  and  pathological  liquids  his  results  are  not  sufficiently 
numerous  to  permit  of  any  general  conclusions. 

The  catalytic  power  of  the  blood  toward  hydrogen  peroxide  in  nor- 
mal and  diseased  conditions  has  also  been  investigated  by  Jolles  ("7,228) 
and  later  by  Jolles  and  Oppenheim  (^^^) .  According  to  these  observers 
the  catalase  of  blood  is  contained  exclusively  in  the  formed  elements, 
and  is  roughly  proportional  to  the  hemoglobin.  They  have  deter- 
mined the  quantity  of  hydrogen  peroxide  in  grams  which  is  decom- 
posed by  1  cubic  centuneter  of  blood  in  normal  and  diseased  condi- 
tions; this  they  have  designated  as  the  ''  catalase  value."  For  normal 
blood  this  was  found  to  be  23,  w4iereas  for  blood  in  certain  diseased 
conditions  the  catalase  value  was  considerably  less  than  for  normal 
blood;  thus  in  tuberculosis  it  ranged  from  10  to  13,  and  in  nephritis 
from  8  to  13,  the  most  interesting  and  remarkable  decrease  occurring 
in  carcinomatous  conditions,  in  which  condition  the  catalase  values 
of  the  blood  fall  to  1.3  to  2.1.  The  blood  of  the  two  sexes  and  venous 
and  arterial  blood  exhibited  no  differences  in  catalytic  power. 

Still  more  recently  Winternitz  and  Meloy  {*^*)  have  studied  the 
occurrence  of  catalase  in  the  human  blood  and  tissues  and  its  varia- 
tion in  certain  diseases.  These  authors  have  reached  the  conclusion 
that  there  is  no  marked  variation  in  the  catalytic  activity  of  human 
tissues  due  to  the  age  of  the  individual.  In  this  same  connection, 
Mendel  and  Leavenworth  (^^^)  observed  that  catalase  does  not  seem 
to  be  less  abuntlant  in  very  young  embryos  than  in  the  adult.  Win- 
ternitz and  Meloy  (supra)  found  the  catalytic  activity  of  the  tissues 
to  vary  greatly  in  certain  diseased  conditions;  thus  in  nephritis  the 
activity  fell  oft',  especially  in  the  kidney  itself.  In  two  cases  of 
eclampsia  the  catalytic  activity  of  the  blood  was  not  reduced.  In 
pneumonia,  the  lung,  in  the  stage  of  red  hepatization,  was  found  to 
have  an  increased  catalytic  activity,  due  in  all  probability  to  the 
increased  number  of  red  blood  cells.  In  tuberculosis  a  decrease  in 
the  catalytic  power  of  the  various  tissues  was  observed,  but  there 
was  no  reduction  in  diabetes  mellitus  nor  in  jaundice.  The  tissues 
in  one  case  of  congenital  syphilis  showed  a  marked  lowering  in  cata- 
lytic activity,  as  did  also  the  blood  in  one  case  of  asphyxiation  by 
illuminating  gas. 


THE  FUNCTION  AND  NATURE  OF  CATALASE. 

Very  little  is  known  regarding  the  function  of  catalase  or  of  its 
mode  of  action  on  hydrogen  peroxide.  We  have  seen  that  according 
to  Schoenbein's  theory  of  oxygen-activation  the  inactive  oxygen  of 
the  air  is  decomposetl  during  processes  of  autoxidation,  the  negatively 
polarized  atom  uniting  with  molecular  oxygen  to  form  ozone  and  the 
positively  polarized  atom  combining  with  water  to  form  hydrogen 
peroxide  (an  antozonide),  and,  further,  that  through  the  action  of  cer- 
tain carriers,  such  as  finely  divided  platinum  and  the  red  coloring 
matter  of  the  blood  and  what  are  now  known  as  the  peroxidases,  the 
relatively  inactive  oxygen  of  the  hydrogen  peroxide  is  ozonized. 
This  ozonized  product  can  then  accomplish  the  oxidation  of  easily 
oxidizable  substances,  such  as  guaiacum,  etc.,  or  it  can  react  with 
another  portion  of  the  hydrogen  peroxide,  forming  water  anil  molecular 
oxygen  after  the  manner  of  ozone  itself,  or  of  an  ozonide,  such  as  lead 
peroxide.  In  other  words,  the  catalysis  of  hydrogen  peroxide  was  of 
the  nature  of  a  secondary  process  in  the  sequence  of  changes  occurring 
in  the  formation  of  ozone  and  ozonides  as  the  result  of  the  autoxida- 
tion of  easily  oxidizable  substances.  The  occurrence  of  catalase  in 
the  organic  world  is,  according  to  Loew,  too  general  and  widespread 
to  be  accidental,  and  hence  the  enzyme  must  have  a  certain  signifi- 
cance. In  considering  its  possible  significance  he  pointed  out  that 
hvdrogen  ])eroxide  results  as  either  a  ])rimarv  or  secondary  ])roduct 
in  the  autoxidation  of  many  readily  oxitlizable  organic  substances. 
Hence  he  regarded  it  as  conceivable  at  least,  that  hydrogen  ]H>r()xide 
might  also  be  produced  in  the  living  cell  as  tlie  result  of  the  ri^spira- 
tory  process.  The  accumulation  of  such  a  substance  as  hydrogen 
peroxide  wouhl  undoubtedly  prove  harmful  to  the  life  of  the  organ- 
ism, and  hence  he  conceived  the  function  of  catalase  to  be  to  destroy 
the  hydrogen  ])eroxide  as  fast  as  formed.  The  ferment  would  thus 
afford  an  important  protection  against  the  accuinulation  of  this  ])oi- 
sonous  substance,  and  the  oxygen  thus  liberated  could  be  again 
utilized  for  a  continuance  of  the  respiratory  process,  lie  also  ad- 
vanced the  idea  that  just  as  catalase  loosens  the  ailinities  of  oxygen 
ill  hydrogen  ])eroxide,  so  also  it  might  loosen  the  ailinities  in  certain 
other  compounds,  as  the  result  of  which  they  might  be  more  easily 
decomposed  or  oxidized  by  the  ])roto])hisni. 

Ilerlitzka  (-"")  has  found  that  within  certain  limits  the  greater  the 
concentration  of  catalase  the  greater  the  concentration  of  j)eroxidase 
recjuired  to  ])roduce  oxidation.  This  ])oints  to  a  ])rotective  action 
on  the  ])art  of  catalase  against  the  ])eroxides  of  the  organism. 
ShiiirerC"')  is  also  of  the  opinion  that  through  the  decomposition  of 
hvdmgeii  peroxide  by  c'ltalase  into  water  and  molecular  (inactive) 
oxygen,  the    tissues   iire    ])rotecte(l    against    injurious  oxidati(»n.      In  a 
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like  manner  Battelli  and  Stern  C')  claim  to  have  shown  that  cata- 
lase  inhibits  to  some  extent  the  oxidations  produced  by  ferrous  sul- 
fate in  the  presence  of  animal  tissues.  Hence  they,  too,  are  of  the 
opinion  that  the  function  of  catalase  may  be  to  prevent  the  excessive 
oxidation  of  organic  substances  in  the  living  cell.  According  to 
Jolles  and  Oppenheim  C^"'  ^^^)  the  catalases  of  the  blood  eliminate 
oxygen  from  oxyhemoglobin,  and  this  oxygen  is  then  transferred'  to 
the  tissues  by  the  oxidases. 

On  the  other  hand  the  fact  that  catalase  can  not  decompose  either 
the  substituted  organic  peroxides,  such  as  ethyl  hydroperoxide,  or 
the  oxygenases  (Bach  and  Chodat,^^),  both  of  which  are  probably 
more  powerful  oxidizing  agents  than  hydrogen  peroxide,  is  difhcult 
to  reconcile  with  the  view  that  the  function  of  catalase  is  to  protect 
the  organism  against  excessive  oxidation.  As  pointed  out  by 
Chodat  ("''),  the  only  property  of  the  catalases  of  which  we  have  any 
certain  knowledge  at  present  is  their  power  to  decompose  hydrogen 
peroxide  into  water  and  molecular  oxygen.  In  this  respect  they 
differ  from  all  other  known  catalysts.  Thus  all  other  catalysts  of 
this  kind  can  not  only  decompose  hydrogen  peroxide  but  they  also 
have  the  power  of  rendering  active  the  oxygen  thereof.  Thus  finely 
divided  platinum  actively  decomposes  hydrogen  peroxide.  It  also 
gives  the  guaiacum  reaction  both  with  hydrogen  peroxide  and  with 
molecular  oxygen.  As  shown  b}^  Kastle  and  Clarke  C^^)  potassium 
iodide  actively  decomposes  hydrogen  peroxide  at  100°  C;  it  was  also 
found  to  greatly  accelerate  the  oxidation  of  formic  acid  by  hydrogen 
peroxide  at  60°  C,  whereas  potassium  chloride  neither  actively  de- 
composes hydrogen  peroxide  nor  does  it  increase  its  oxidizing  powers. 
If,  therefore,  the  catalases  are  really  exceptional  in  this  regard,  thev 
certainly  afford  a  very  remarkable  class  of  exceptions,  and  of  such  a 
nature,  indeed,  as  to  be  altogether  inexplicable  at  the  present  time. 
On  the  other  hand  the  thought  naturally  suggests  itself  that  they  are 
not  exceptional  at  all,  but  that  they  simply  represent  special  cases 
under  the  general  rule  governing  the  conduct  of  such  substances 
toward  hydrogen  peroxide.  Thus  it  is  readily  conceivable  that  the 
catalases,  like  the  peroxidases,  combine  with  hydrogen  peroxide  to 
form  an  unstable  holoxide  derivative,  thus: 

This  might  ])rove  to  be  so  unstable,  liowever,  that  it  would  decompose 
in  the  sense  of  the  equation — 

before  it  would  have  a  chance  to  effect  the  oxidation  of  any  oxidiz- 
able  substance  at  hand;  or  in  the  event  that  oxidations  occurred,  it 
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is  conceivable  that  the  catalase  itself,  K,  might  be  more  readih' 
oxidizable  than  guaiacum  or  any  of  the  peroxidase  reagents,  in 
which  event  we  would  have — 

H,ZO,  =  H,0+A'0. 

This  would  explain  the  fact  that  while  powerful  catalysts,  the  catalases 

are  not  unlimited  in  their  power  to  effect  the  decomposition  of  hy-  11 

drogen  peroxide.     In  this  connection  it  is  of  interest  to  note  that  4| 

SenterC""')  found  blood-catalase  (hemase)  to  be  oxidized  at  all  tem-  ( 

peratures  above  0°  C.     It  is  easier,  however,  and  more  in  harmony  ji 

witli  what  we  know  regarding  the  conduct   of  other  catalysts,  to  |j 

su})pose  that  both  of  these  changes  would  occur  simultaneously,  viz,  \ 

ll,Ki),=  K+ll,0  +  0,  i 

and  1 

HoiiO,  4- Guaiacum  =  A'+ILO  +  Guaiacum-blue,  * 

in  whicli  event  the  given  substances  would  exhibit  tlic  properties  of 
both  a  catalase  and  a  peroxidase;  and  it  may  be  after  all,  that  when 
examined  more  closely,  the  catalases  will  show  peroxidase  reactions. 
As  it  is,  the  two  sets  of  substances,  if  they  are  really  distinct,  are 
certainly  found  in  the  closest  and  most  intimate  association  in  both 
plant  and  animal  tissues. 
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Staten  Island,  August,  1887.  It  was  transferred  to  Washington,  with  quarters  in  the 
Butler  Building,  June  11,  1891,  and  a  new  laboratory  building,  located  in  Washington, 
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By  act  of  Congress  approved  July  1,  1902,  the  name  of  the  "United  States  Marine- 
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Xo.  30. — I.  Maternal  transmission  of  immunity  to  diphtheria  toxine.  II.  Maternal 
transmission  of  immunity  to  diphtheria  toxine  and  hypersusceptibility  to  horse  serum 
in  the  same  animal.     By  John  F.  Anderson. 

Xo.  31. — Variations  in  the  peroxidase  activity  of  the  blood  in  health  and  disease. 
By  Joseph  H.  Kastle  and  Harold  L.  Amoss. 

Xo.  32. — A  stomach  lesion  in  guinea  pigs  caused  by  diphtheria  toxine  and  its  bear- 
ing upon  experimental  gastric  ulcer.     By  ^I.  J.  Rosenau  and  John  F.  Anderson. 

Xo.  33. — Studies  in  experimental  alcoholism.     By  Reid  Hunt. 

Xo.  34. — I.  Agamofilaria  georgiana  n.  sp.,  an  apparently  new  roundworm  p?rasite 
from  the  ankle  of  a  negress.  II.  The  zoological  characters  of  the  roundworm  genus 
Filaria  Mueller,  1787.  III.  Three  new  American  cases  of  infection  of  man  with  horse- 
hair worms  (species  Paragordius  varius),  with  summary  of  all  cases  reported  to  date. 
By  Ch.  Warden  Stiles. 

*Xo.  35. — Report  on  the  origin  and  prevalence  of  typhoid  fever  in  the  District  of 
Columbia.  By  M.  J.  Rosenau,  L.  L.  Lumsden,  and  Joseph  H.  Kastle.  (Including 
articles  contributed  by  Ch.  Wardell  Stiles,  Joseph  Goldberger,  and  A.  M.  Stimson.) 

Xo.  36. — Further  studies  upon  hypersusceptibility  and  immunity.  By  M.  J.  Rose- 
nau and  John  F.  Anderson. 

Xo.  37. — Index-catalogue  of  medical  and  veterinary  zoology.  Subjects:  Trema- 
toda  and  trematode  diseases.     By  Ch.  Wardell  Stiles  and  Albert  Hassall. 

Xo.  38. — The  influence  of  antitoxin  upon  post-diphtheritic  j^aralysis.  M.  J.  Rose- 
nau and  John  F.  Anderson. 

Xo.  39.- — The  antiseptic  and  germicidal  properties  of  solutions  of  formaldehyde  and 
their  action  upon  toxines.     By  John  F.  Anderson. 

Xo.  40. — 1.  The  occurrence  of  a  proliferating  cestode  larva  (Sparganum  proliferum) 
in  man  in  Florida,  by  Ch.  Wardell  Stiles.  2.  A  reexamination  of  the  type  specimen 
of  Filaria  restiformis  Leidy,  1880^= A gamomermis  restiformis,  by  Ch.  Wardell  Stiles. 

3.  Observations  on  two  new  parasitic  trematode  worms:  Homalogaster  philippinensis 
n.  sp.,  Agamodistomum  nanus  n.  sp.,  bv  Ch.  Wardell  Stiles  and  Joseph  Goldberger. 

4.  A  reexamination  of  the  original  specimen  of  T.vnia  saginata  abietina  (Weinland, 
1858),  by  Ch.  Wardell  Stiles  and  Joseph  Goldberger. 

*Xo.  41. — Milk  and  its  relation  to  the  public  health.     By  various  authors. 

Xo.  42. — The  thermal  death  points  of  pathogenic  micro-organisms  in  milk.  By 
M.  J.  Rosenau. 

Xo.  43. — The  standardization  of  tetanus  antitoxin  (an  American  unit  established 
under  authority  of  the  act  of  July  1,  1902).     By  M.  J.  Rosenau  and  John  F.  Anderson. 

Xo.  44. — Report  Xo.  2  on  the  origin  and  prevalence  of  tvphoid  fever  in  the  District 
of  Columbia,  1907.     By  M.  J.  Rosenau,  L.  L.  Lumsden,  and  Joseph  H.  Kastle. 

Xo.  45. — Further  studies  upon  anaphylaxis.  By  M.  J.  Rosenau  and  John  F.  An- 
derson . 

Xo.  46. — Hepatozoon  perniciosum  (  n.  g.  n.  sp.);  a  haemogregarine  pathogenic  for 
white  rats;  with  a  description  of  the  sexual  cycle  in  the  intermediate  host,  a  mite 
{Leiaps  echidninus).     By  W.  W.  Miller. 

Xo.  47. — Studies  on  Thyroid. — I.  The  Relation  of  Iodine  to  the  Physiological 
Activity  of  Thyroid  Preparations.     By  Reid  Hunt  and  Atherton  Seidell. 

No.  48. — The  Physiological  Standardization  of  Digitalis.  By  Charles  Wallis 
Edmunds  and  Worth  Hale. 

Xo.  49. — Digest  of  comments  on  the  United  States  Pharmacopoeia.  Eighth  decen- 
nial revision  for  the  period  ending  December  31,  1905.  By  Murray  Gait  Motter  and 
Martin  I.  Wilbert. 

Xo.  50. — Further  studios  upon  the  phenomenon  of  anaphylaxis.  By  M.  J.  Rosenau 
and  John  F.  Anderson. 

Xo.  51. — Chemical  tests  for  blood.     Bv  J.  U.  Kastle. 
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y^Q  52. Report  No.  3  on  the  origin  and  prevalence  of  typhoid  fever  in  the  Distri.  t 

of  Columbia.     By  M.  J.  Rosenau,  L.  L.  Lumsden,  and  J.  U.  Ka.^tle. 

No.  53.— The  influence  of  certain  drugs  upon  the  toxicity  of  acetanilide  -^ud  auti- 
pyrine.     By  Worth  Hale. 

y^Q  54.^The  fixing  power  of  alkaloids  on  volatile  acids  and  its  application  to  the 
estimation  of  alkaloids  with  the  aid  of  phenolphthalein  or  by  the  ^■olha^d  method. 

Bv  Eliai.  Elvove. 

No.  55.— Quantitative  pharmacological  studie.-^:  adrenaline  and  adrenaline-like 
bodies.     By  W.  H.  Schultz. 

Xo.  5(5. —Milk  and  its  relation  to  the  public  health.     Revised  edition.     By  variuU:^ 

authors. 

Xo.  57.— I.  The  presence  of  tubercle  bacilli  in  the  circulating  blood  in  cliui<  al 
and  experimental  tuberculosis.  By  John  F.  Anderson.  II.  The  viability  of  the 
tubercle  bacillus.     By  M.  J.  Ro.«enau. 

^Q  58.— Digest  of  comments  on  the  Pharmacopoeia  of  the  United  States  of  Amei  i.  a 
(eighth  decennial  revision)  and  the  National  Formulary  for  the  period  ending  Decem- 
ber 31,  1906.     By  Murray  Gait  Motter  and  Martin  I.  Wilbert. 

No.  59.— The  oxidases  and  other  oxygen-catalysts  concerned  in  biological  oxida- 
tions.    By  J.  H.  Kastle. 
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A  STUDY  OF  THE  ANATOMY  OF  WATSONIUS 
(n.  g.)  WATSONI  OF  MAN, 

AND    OF    NINETEEN    ALLIED     SPECIES    OF    MAMMALIAN    TREMATODE 
WORMS  OF  THE  SUPERFAMILY  PAKAMPHISTOMOIDEA." 


By  Ch.  Wardell  Stiles, 
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and  Joseph  Goldberger, 

Passed  Assistant  Surgeon,  United  States  PuhUc  Health  and  Marine- Hospital  Service. 


SUMMARY. 


The  present  paper  contains  the  results  of  an  anatomical  study  of  one  parasite  of  man 
{Watsonius  watsoni)  and  comparison  with  19  other  closely  related  trematodes,  part  of 
which  were  sent  to  us  for  determination. 

Watsonius  uatsoni,  originally  classified  as  Amjphistoma,  later  as  Cladorchis,  represents 
the  type  of  a  new  genus.  Its  testes  are  one  caudad  of  the  other,  instead  of  side  by  side, 
as  heretofore  interpreted. 

The  families  Paramphistomidai  and  Fasciolidse  should  be  raised  to  superfamiiies  as 
Paramphistomoidea  and  Fascioloidea.  ParamjMstomoidea  contains  three  famihes, 
Gastrothylacidx,  Paramphistomidx,  and  Gastrodiscidx. 

These  families  may  be  divided  into  various  subfamilies,  genera,  and  subgenera,  as 
shown  in  the  table  of  contents  (pp.  5-6)  and  in  the  various  keys  (pp.  15,  16,  50,  61, 
62   63,  74,  131,  173,  247,  249. 

Anatomically,  the  group  in  question  is  very  interesting,  but  a  careful  study  of  any 
given  species  is  exceedingly  tedious  because  of  the  thickness  of  the  specimens.  The 
projection  method  was  found  to  be  the  most  satisfactory  in  preparing  drawings  to 
illustrate  the  topography. 

Of  rather  special  interest  is  the  perisuctorial  cavity,  which  may  be  very  large  in 
some  species  Dorsal  and  ventral  mesenterium-like  bands  traverse  this  cavity,  bind- 
in-  the  oral  sucker  to  the  body  parenchyma.  The  structure  in  question  is  strongly 
suggestive  of  a  rudimentary  body  cavity,  the  absence  of  which  is  characteristic  for 
the  group  of  Flat  Worms,  to  which  these  parasites  belong. 

We  have  been  fortunate  in  having  for  study  some  of  Cobbold's  original  material  of 
Amphistoma  stanleyii  and  A.  collinsii,  with  the  result  that  we  accept  Pseudodiscm  as  a 
valid  <^enus  Anatomically,  the  fact  is  important  that  these  species  show  a  very  com- 
plicated structure  of  the  oral  sucker  and  its  pouches,  the  latter  being  separated  from  the 
former  by  intermediate  bulbs. 

Summaries  of  the  separate  groups  may  be  found  in  the  respective  diagnoses  and  keys. 


a  Submitted  for  publication  September  23,  1909. 
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INTRODUCTION. 

Among  the  parasites  recently  sent  to  this  laboratory  for  determina- 
tion have  been  several  species  of  amphistomes,  which  prove  to  be 
new  to  science.  In  studying  them  it  has  been  found  necessary  to 
compare  certain  known  forms  especially  the  so-called  Cladordns 
watsoni  of  man.  Fortunately  for  this  work,  we  have  had  at  our 
disposal  some  of  Cobbold's  original  material  of  species  of  the  little- 
known  genus  Pseudodiscus  and  one  series  of  sections  of  the  origmal 
material  of  Cladorchis  watsoni. 

The  study  has  resulted  in  certain  changes  in  classification  and  the 
proposition  of  several  new  genera  and  subgenera. 

TAUTONYMY    IN    GENOTYPES. 

One  of  us  (Stiles)  has  upon  several  former  occasions  expressed  the 
view  that  in  the  case  of  genotj^es  absolute  or  virtual  tauton^Tiiy  is 
exceedinglv  desirable.  In  accordance  with  this  view  we  have, 
whenever  the  occasion  presented  itself,  purposely  formed  the  names 
so  that  either  virtual  or  absolute  tauton^ony  results.  A  consistent 
application  of  this  principle  would  do  much  to  reduce  confusion  m 
classification. 

BIBLIOGRAPHIC    REFERENCES. 

Bibliographic  references  and  systematic  names  of  parasites  refer  to 
the  citations  given  in  Stiles  &  Hassall's  Index  Catalogue  of  Medical 
and  Veterinary  Zoologv  (Authors,  Bull.  39,  United  States  Bureau  of 
Animal  Industry;  Trematoda,  Bull.  37,  Hygienic  Laboratory,  United 
States  Public  Health  and  Marine-Hospital  Service). 

TERMINOLOGY. 

As  some  of  the  technical  terms  used  in  this  paper  are  not  in  common 
use  in  helminthology,  it  may  be  well  to  give  a  few  words  of  explana- 
tion in  regard  to  them. 

Oral  sucler  and  pharynx.— T\ie  initial  suctorial  organ  of  the  diges- 
tive tract  of  trematodes  is  usually  named  the  "oral  sucker,"  while 
the  term  "pharATix"  is  reserved  for  an  organ  of  less  constant  nature 
which  develops  in  the  esophagus.  In  recent  amphistome  litera- 
ture the  term  ''pharynx"  has  been  substituted  by  authors  for  the 
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"oral  sucker''  of  the  ampliistomes.  We  agree  with  Looss  that  this 
substitution  does  not  appear  to  be  well  founded  and  we  therefore 
revert  to  the  term  "oral  sucker." 

Acetabulum. — The  term  "acetabulum"  is  reserved  exclusively 
for  the  "caudal  sucker,"  homologous  with  the  "ventral  sucker  (aceta- 
bulum)" of  the  distomes. 

Evaginations  of  oral  suclcer. — This  is  a  general  term  used  to  desig- 
nate any  kind  of  an  ev agination  from  the  lumen  of  the  oral  sucker; 
the  evagination  may  be  paired  or  circular. 

Bulbs  and  pouches. — As  these  terms  are  used  in  this  bulletin,  a 
"pouch"  is  a  cecal  evagination,  regardless  of  its  histological  structure 
or  position  relative  to  the  sucker.  In  some  species  (as  in  Pseu- 
dodiscus)  the  ])ouch  is  separated  from  the  sucker  by  a  "bulb"  namely, 
not  a  cecal  structure. 

The  pouches  vary  somewhat  in  histological  structure  in  different 
species.  The  walls  usually  ])resent  a  loose  mesh  or  ])arenchyma-like 
texture  with  few  if  any  muscular  elements;  in  some  cases  the  mesh- 
work  appears  more  or  less  condensed,  approaching  the  structure  of 
the  oral  sucker  as  the  latter  occurs  in  Ilomalofjaster  phili])pincnsis  and 
Wa tso n i us  vxitson i . 

The  bulbs  agree  with  the  oral  sucker  histologically,  whether  the 
latter  be  dense  or  loose  in  structure. 

Testes  and  testicles. — We  favor  the  use  of  the  term  "testis'"  and 
"testes"  for  the  two  male  glands  of  the  trematodes;  if  these  glands 
are  divided,  as  in  Pleorchis  or  as  in  the  cestodes.  the  subdivisions  mav 
well  be  called  "  testicles." 

Genital  pore. — The  genital  pore  is  the  opening  which  leads  from  the 
external  (ventro-median)  surface  of  the  worm  into  the  genital  atrium. 

Genital atriuin. — This  is  the  cavity  or  depression  into  which  the 
genital  papilla  projects.      Its  dimensions  vary  greatly  in  the  different 
forms  in  which  it  occurs.     Jn  some  it  is  partly  divided  into  a  ventral 
and  a  dorsal  chamber  by  a  more  or  less  sharply  developed  projecting     ' 
ring. 

Porushermaphroditicus. — The  e.xternal  opening  of  the  ductus  her-  ■ 
nniphroditicus  is  the  hermai)hroditic  ])ore  and  usually  discharges  into  { 
a  genital  atrium.  ' 

TojxK/rap/iic  terms. — In  a  paper  nc^w  in  course  of  ])rei)aration,  one 
of  us  (Stiles)  is  ]>roposing  a  dej)arture  in  the  tojxjgraphic  terminology 
of  the  trennitodes,  and  some  of  the  terms  are  used  in  this  bulletin. 
In  brief,  longitudinal  and  transverse  straight  lines  are  drawn  at  the  ' 
periphery  of  the  various  organs;  the  longitudinal  lines  bound  lields, 
the  transverse  lines  bound  zones.  I\)rtions  of  the  body  bounded  by 
other  than  straight  lines  (as  that  portion  bounded  by  the  intestinal  ' 
ceca)  are  termed  "areas."  Organs  are  then  located  ^^•ith  reference 
to  these  fields,  zones,  and  areas.     Thus,  the  testicular  zones  mav 
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coincide,   overlap,   abut,   or  be  separate;  the  testicular  fie  ds  may 
coincide,  overlap,  abut,  or  be  separate.     An  ovary  may  be  described 
as  in  the  prete.ticular,  testicular,  or  posttesticular  zone,  or  m  the 
extratesticular,    testicular,    or    inter  testicular  field;   a    given   organ 
mav  be  in  the  prebifurcal  zone,  preacetabular  zone,  postacetabular, 
postovarial,  postuterine  zone,  etc.     The  body  is  also  divided  into  five 
fransverse  zones,  each  representing  20  per  cent  of  the  body  length; 
these  zones,  beginning  at  the  oral  pole,  are  called  the  first,  second, 
third    fourth,  and  fifth.     It  is  believed  that  by  aid  of  this  system 
descriptions  mav  be  made  more  exact  than  they  frequently  are  at 
present,  and  that,  especially  in  the  case  of  tabular  keys,  the  system 
will  be  found  useful.     A  key  to  the  figured  species  of  dis  omes  is  now 
beino-  formed  on  this  principle;  a  preliminary  study,  based  upon  about 
150  niustrations,  has  thus  far  been  found  to  be  very  satisfactory. 


SUPERGENERIC    SYSTEMATIC    UNITS. 


During  recent  vears,  especially  since  1898,  the  tendency  m  helmin- 
thoio-v  has  been  to  raise  species  to  generic  rank,  and  genera  to  sub- 
familv  or  even  to  family  rank.  In  this  tendency,  helminthology  has 
simplV  followed  in  the  wake  of  other  specialties  m  zoology.  It  m 
continuing  this  tendency  we  fail  to  recognize  certain  other  systematic 
units  such  as  the  superfamily  (ending  in  oUea),  and  tribes  and  sub- 
tibes  (ending  in  idi  and  ini),  the  danger  is  present  that  natural 
croups  will  be  separated,  units  coordinate  in  rank  will  not  be  coordi- 
nate in  actual  value,  and  the  classification  will  beconie  confused. 

It  is  true  that  the  superfamily  and  the  tribes  and  subtribes  have  not 
vet  been  recognized  in  the  International  Code,  but  they  have  been 
used  bv  so  many  authors  that  they  can  be  looked  upon  as  recognized 
units  ^  We  here  recognize  the  superfamily  as  standing  between  the 
suborder  and  the  familv,  and  we  adopt  for  it  the  ending  {oidea)  pro- 
posed by  Gill.  The  tribe  (ending  idi)  and  the  subtribe  (ending  im) 
we  recognize  as  standing  between  the  subfamily  and  the  genus. 

It  would  seem  to  us  wise  to  raise  the  former  trematode  families 
Fasdolid^  and  ParampUstomid^  to  superfamily  rank  Fasnoloidea 
and  ParampUstomoidea,  in  order  to  leave  room  for  expansion  ot 
svstematic  units  made,  advisable  because  of  recent  changes  m  axo- 
nomic  conceptions  in  these  groups.  The  present  paper  deals  entirely 
with  the  Paramphistomoidea. 


TECHNIQUE. 


The  material  which  forms  the  basis  of  this  paper  consisted,  in  the 
main,  either  of  specimens  sent  to  us  for  determination  or  of  preserved 
specimens  forming  a  part  of  the  helminthological  collection  of  the 
United  States  National  Museum.     Some  of  tliis  latter  material  was 
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quite  old,  dating  back  as  far  as  1875  (Ps.  stanlei/ii),  but  M-as  remarkablv 
well  preserved.     In  the  beginning  of  this  work,  after  studying  the 
external  characters  of  the  individuals  of  a  species,  \ve  made  "toto" 
mounts  of  stained  and  cleared  specimens  and  a  series  of  transverse 
and,  if  sufficient  material  was  available,  of  sagittal  and  frontal  sec- 
tions.    The  general  topography  of  the  internal  characters  could  more 
or  less  clearly  be  made  out  from  the  "toto"  mounts  and  tliis  would 
be  corrected  or  amplified  by  a  study  of  the  serial  sections.     This 
method  of  procedure  is  obviously  only  applicable  where  several  indi- 
viduals, at  least  two,  of  one  form  are  available  for  the  study  of  the 
internal  anatomy.     Inasmuch  as  some  of  our  most  valuable  material 
consisted  of  forms  comprising  not  more  than  two  individuals  and  only 
one  of  these  was  available  for  such  study,  the  following  nu'thod  of 
procedure  was  devised  by  one  of  us  (Goldberger)  and  applied  v.  ith 
exceedingly  satisfactory   results.     The   external    characters    of    the 
specimen  selected  were  first  carefully  noted  and  then  such  drawings 
made  as  seemed  desirable.     These  always  included  one  of  the  ventral 
and  another  of  the  profile  aspect,  the  outlines  being  made  with  the 
aid  of   the  camera  lucida.     The   specimen  Avas   next   stained.     We 
have  used  both  carmine  (j)ara-carmine,  carmalum,  acetic  acid  alum- 
carmine)  with    and   without   counterstain  (picric  acid)  and  Mayer's 
hffimalum,  but  on  the   whole   the  carmine  stains  without  counter 
stain  gave   us   the   most   satisfactory   ])ictures.     After   stainin''   we 
dehydrated  with  a'colu.l  and  cleared  in  xylol.     The  cleared  s])ecimen 
wjxs  now  examined  under  the  microscope  and  drawings  and  notes 
made  of  such  j)oints  in  the  internal  topography  as  could  be  made  out. 
After  tliis  the  specimen  was  infiltrated  and  embedded  in  parailin  of  a 
melting  point  of  54°  C,  careful  note  l)eing  taken  of  the  orientation; 
this  was  always  such  as  to  give  transverse  sections  at  right  angles  to 
the  median  sagittal  ])lane  of  the  worm.     Depending  on  the  size  of  the 
worm  the  sections  were  cut  at  either  !()/<  or  2()/(.     In  this  connection 
it  may  ])erhaj)s  be  mentioned  that,  as  has  been  repeatedly  ol)served 
by  one  of  us  (Goldberger),  the  most  favorable  temperature  for  obtain- 
ing good  ribbons  of  sections  of  this  thickness  is  between  27°  and  '2[)°  i\ 
The  next  stej)  is  the  reconstruction  of  the  worm  from  measurements 
of  the  sections  with  the  ocular  inicronu'ter.     The  reconstruction  is 
by  projection  on  ])aper  of  a  series  of  signilicant   ])oints  at  selecl<>d 
levels  in  either  a  ventral  or  a  sagittal  view.     The  base  hue  in  the 
former  case  maybe  on(>  of  the  lateral  margins,  or,  more  simply  and 
ef|ually  satisfactorily,  the  median  sagittal  ]>lane  (re])resented  as  the 
median  longitudinal  axis);  in  the  case  of  tlie  sagittal  ])rojection  the 
profile  line  of  the  dorsum  is  used  as  the  ba.se  line.     The  i)rojected 
points  belonging  to  ili(>  various  organs  are  connected  by  lin(>s  which 
give,  in  effect,  the  outlin(\on  a  suitable  .scale,  of  the  projected  shadow 
of  the  body  of  the  worm  aiul  of  the  organs  or  systems  of  organs.     A 
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convenient  scale  is  50  for  sections  of  20/i  and  100  for  those  of  10/z 
in  thickness.  On  this  scale  each  section  is  represented  m  projection 
as  1  mm.  thick,  and  consequently  the  frontal  apparent  length  of  the 
worm  would  be  represented  as  equal  to  the  total  number  of  the  sec- 
tions in  millimeters.  Given  a  satisfactory  series  of  sections,  this 
method  enables  one  to  work  out  the  topography  of  the  organs  or 
systems  of  organs  with  a  high  degree  of  precision.  It  must  be  said, 
however  that  it  is  also  very  tedious  and  time  consuming.  Our 
figures  l',  2,  23,  24,  45,  46,  61,  62,  72,  73,  83,  84,  94,  95,  105,  106,  139, 
140,  192,  and  193  were  constructed  in  this  way. 

PARAMPHISTOMOIDEA,  new  superfamily. 

SuPERFAMiLY  DIAGNOSIS.- T/fmatoc/a,  Malacocohilca,  Digenm:  Acetabulum  caudo- 
terminal  Bubterminal,  or  ventral  close  to  caudal  end.  Oral  sucker  and  esophagus 
present,  ceca  2.  Hermaphroditic.  Genital  pore  ventro-median,  preequatonal,  pre- 
testicular,  preovarial. 

Male  organs:  Testes  1  or  2,  usually  preovarial. 

Female  organs:  Vitellaria  paired. 

Type  fam i i>v .  — Paramphistomidx. 

This  superfamily  is   practically  Paramphistomidse  Fischoeder.     It 
should,  we  believe^  be  divided  into  three  families,  as  follows: 
Key  to  families  of  Paramphistomoidea. 

A'    Body  discoidal;  divided  into  an  anterior  (cephalic)  and  a  posterior  (caudal)  por- 
tion; venter  with  many,  large  papilla?;  acetabulum  ventral,  at  caudal  end;  ven- 

^    ,  ,     ,        .  Gastrodiscidse ,  p.  249. 

tral  pouch  absent '  \ 

A^    Body  not  discoidal,  not  divided,  venter  not  provided  with  many  large  papillae: 

■  B'.  Ventral  pouch  present Gastrothylaad^.  p.  15. 

B\  Ventral  pouch  absent Paramphxstomvlx,  p.  60. 

GASTROTHYLACIDiE,  new  family. 

Family  mAG^o^i^.-Paramphktomoidca  {y>-  15) ^  Ventral  pouch  present. 

Type  genus. — Gastrothylax  Poirier,  1883. 
This  group  has  heretofore  been  considered  a  genus  in  the  family 
Paramphistomldx,  subfamily  ParampMstominx,  but  the  presence  of 
a  ventral  pouch  separates  it  so  radically  from  the  other  forms  that 
distinct  famil ,-  rank  seems  justified.  The  t^^)ical,  and  thus  far  the 
only,  subfamily  GastrotJiyUnnse,  contains  13  species,  which  may  be 
divided  at  present  into  4  more  or  less  natural  groups.  At  least  one 
of  these  groups  (type  gregarius)  will  doubtless  soon  require  further 
subdivision.  The  question  as  to  whether  these  groups  should  at 
present  be  given  generic  or  subgeneric  rank  is  one  upon  which  there 
may  be  a  ver .-  legitimate  difference  of  opinion,  but  we  believe  that 
the  entire  tendency  of  the  present  day,  wise  or  unwise  as  it  may 
eventually  prove  to  be,  is  to  consider  the  differences  in  question  as 
generic,  and  in  the  present  paper  v.e  shall  so  regard  them. 


16 

GASTROTHYLACIN^,  new  subfamily. 

Subfamily  diagnosis. — Gaslrothylacidx  (p.  15j:  Body  elongate,  venter  ptraicht 
to  concave,  dorsum  convex,  cephalic  end  attenuate,  rather  pointed,  straisiht,  niav 
curve  slightly  dorsad,  caudal  end  slightly  attenuate  to  rounded,  usually  slightlv  con- 
stricted immediately  preacetabular,  in  transverse  section  more  or  less  circular  but  form 
influenced  by  pouch.  Ventral  pouch  opens  slightly  postoral,  extending  nearlv  or 
quite  to  acetabulum.  Acetabulum  relatively  small,  terminal  to  vcntro-subterminal, 
slightly  .sunken,  margin  not  raised.  Genital  pore  without  sucker.  Excretory  pore 
postvesicular  or  nearly  so,  in  acetabular  zone,  caudad  of  pore  of  Laurer's  canal.  Oral 
sucker  without  evagination;  esophagus  without  mu.'^cular  thickening;  ceca  narrow, 
wavy  or  not  wavy,  long  or  short,  end  postequatorial. 

Male  organs:  Testes  2,  considerably  smaller  than  acetabulum,  coarsely  lobate,  rarely 
postovarial,  chiefly  preovarial,  postequatorial,  not  widely  separated  from  afetabulum- 
musculosa  never  enormous;  cirrus-pouch  absent. 

Female  organs:  Ovary  and  shell-gland  in  testicular  or  posttesticular  zone,  never  pre- 
(esticiilar;  vitellaria  extend  from  oral  sucker  to  acetabulum,  nearer  ventral  pouch  than 
body  wall,  more  ventral  than  dorsal,  follicles  in  small  groups;  Laurer's  canal  anatom- 
ically prevesicular,  but  because  of  cu^^•e  may  lie  partly  in  vesicular  zone;  uterus  of 
2  types  (.'jee  genera). 

Eggs:  Operculated  (at  least  in  some  forms). 

Type  CESus.—Gastrothi/lax  Poirier,  1883. 

The  four  gen(>ra  liere  recoj^iiizcd  for  the  .'^iibfaniily  (r'nstrothylacin^ 
may  be  distingui.slied  by  tlie  following  kev: 

KkY    to    (iENERA    OK    G  ASTUOTH  VLACID.K,     (  i  ASTKi  )TH  VI.A(  I.\.i;. 

AK  Vas  deferens  uikI  (ci.haiic  hall  «i  ulcnis  in  .-separate,  right  and  left,  largely  extra- 
suctorial  fields;  uterus  crosses  to  other  side  near  o<iuati)r  of  body;  testicular  fields 

separate,  zones  coincide;  type  crumeni/er Gaslrolhglar,  j).  IG. 

A-.  Vas  deferens  and  cephalic  half  of  uterus  chiefly  or  entirely  in  suctorial  field: 
BK  Testicular  fields  sei)arate  (lateral),  zones  coincide: 

C.  Vesicula  .seminalis  with  a  straight  and  a  coiled  portion;  testes  in  inter,  extra, 

and  cecal  areas;  type  wellma7ii Wellmanius,''  j).  5l! 

(P.  Vesicula  seminalis  without  straight  ])nrtion;  testes  inter  or  postcecal;  type 

(fcfffinns Carnu/erius,  p."50. 

B-.  Testicular  fields  coincide  or  overlap  (median),  zones  coincide  or  overlap-  type 
^iongatus Fisclmderius,  p."l7. 

OASTROTHYLAX  Poirier,   1883. 

Genekic  mAv.sosis.-Gaslrothi/lacin.T  (p.  Hi):  Vas  deferens  and  cephalic  iialf  of 
uterus  in  separate  right  and  left,  largely  extrasuctorial  fields,  uterus  crosses  to  other  -.ide 
near  eciuator  of  body.  Testicular  fields  separate,  zones  coinci<le  and,  chieflv,  post 
cecal;  ovary  in  intertesticular  field.  Cros-s  section  of  ventral  j.ouch  triangular,' with 
apex  dorsad,  baseventrad.  Ce.a  <"n.l  preovarian.  preacetabular.  in  fourth  zone  not 
wavy. 

Tvn;.     (;.  rnnncni/er  {Vreplin,  1847). 

This  gemi.s  i.s  apparently  A.siatic.  and  mI  picv^enl  contains  two  spe- 
cies, which  can  be  easily  (Hstinguished  by  ili(>  following  k(>v ; 

Ceca  end  prelesti.-ular;  body  !•  to   II   nun.  long;  type  host    Has  im/icus.     (Probably 
from  Asia] g  compressus  Brandes,  1898. 

"  In  general  we  prefer  masculine  endings  in  zoological  generic  names. 
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Ceca  end  in  testicular  zone;  body  9  to  18  mm.  long;  type  host  Bos  indicus,  Asia;  also 

in  Bos  kerabau,  Ceylon G.  crumenifer  (Creplin,  1847). 

FISCHCEDERIUS,  new  genus. 

Generic  diagnosis.— Gastrothylacinse  (p.  16);  Vas  deferens  and  cephalic  half  of 
uterus  chiefly  or  entirely  in  suctorial  field.  Testicular  fields  median,  coincide  or  over- 
lap, zones  coincide  or  overlap,  one  testis  more  dorsal  than  the  other,  inter  or  postcecal; 
ves'icula  without  straight  portion.  Ventral  pouch  divides  body  into  3  longitudinal 
body  segments,  a  dorsal  segment  containing  uterus,  and  2  ventro-lateral  segments. 
Type  species. — F.  fischoederi.     Asiatic. 

This  genus,  which  we  dedicate  to  Fischceder  (the  well-known  author 
who  has  done  so  much  to  advance  our  knowledge  of  the  mammalian 
amphistomes),  contains  four  very  closely  allied  species,  which  may  be 
distinguished  by  the  following  key : 

«•  Ceca  end  posttesticular,  postovarian,  in  acetabular  and  fourth  zone;  testicular  fields 
overlap  zones  nearly  coincide;  body  8  to  10  mm.  long;  type  host  Palonia frontalis, 

j^^^      ' F.  cobboldii  (Poirier,  1883). 

a  -  Ceca  end  pretesticular,  preovarian,  preacetabular : 

t'  Genital  pore  on  vertex  of  prominent  hemispherical  bulging;  testicular  fields  and 
zones  overlap : 
ci  Ceca  end  in  third  zone;  ovary  and  shell  gland  not  intertesticular;  body  10  to  20 
mm.  long;  type  host  '' Palonia''  frontalis,  Java;  also  in  Bos  kerabau  in  China, 

and  Anoa  depressicornis F.  elongatus  (Poirier,  1883). 

c2  Ceca  end  in  fourth  zone;  ovary  and  shell  gland  intertesticular; body  6.4  mm. 

long ;  type  host  Bos  kerabau,  Ceylon F.  fischcederi,  p .  1 7 . 

52  Genital  pore  not  on  vertex  of  prominent  hemispherical  bulging;  ceca  end  in 

third  zone: 
c»  Testicular  zones  overlap;  ventral  pouch  not  continued  posttesticular;  body  6.6 

to  15.  5  mm.  long;  type  host  Bos  sp.,  Siam F.  siaimnsis,  p.  28. 

c*  Testicular  zones  coincide;  ventral  pouch  continued  posttesticular;  body  6  to  7 
mm.  long;  type  host  Bos  kerabau,  probably  from  Asiatic  region. 

F.  ceylonensis,  p.  39. 

FISCHffiDERIUS  FISCHffiDERI,  new  species. 

[Figs.  1  to  10.] 
Specific  diagnosis.— Fisc/jcerfmus  (p.  17):  Body  6.4  mm.  long,  2  mm.  broad,  2 
mm.  thick;  buff  color  (alcohol  specimen);  rather  conical,  greatest  transverse  diameter 
near  equator,  greatest  dorso- ventral  diameter  in  caudal  third;  attenuated  cephalad,  and 
very  slightly  caudad;  longitudinal  axis  somewhat  curved,  concavity  ventrad;  cephalic 
extremity  bluntly  pointed;  caudal  extremity  blunt;  dorsum  convex  longitudinally; 
venter  slightly  concave  longitudinally;  transverse  sections  nearly  circular,  but  tending 
toward  a  bluntly  rounded  triangle,  with  apex  ventrad,  especially  in  equatorial  region. 
Surface  smooth  except  for  a  few  blunt  papillte  in  cephalic  region  and  on  lip  of  aperture 
of  ventral  pouch.  Opening  of  ventral  pouch  0.5  millimeter  from  cephalic  margin; 
pouc'h  begins  with  a  narrow  neck,  which  at  the  genital  pore  widens  into  a  large 
cavity,  extending  dorsally  to  near  genital  glands,  ventrally  slightly  farther;  transverse 
section  of  aperture  and  neck  crescentic,  of  the  cavity  rather  triangular  with  apex 
ventrad.  Genital  pore  seemingly  very  slightly  postbifurcal  on  a  prominent  bulging. 
Acetabulum  1.04  mm.  in  diameter,  terminal,  slightly  sunken  below  surface  of  body, 
with  0.5  mm.  aperture  directed  caudad  but  very  slightly  ventrad.  Mouth  terminal; 
oral  sucker  0.6  mm.  long,  slightly  larger  than  esophagus;  perisuctorial  cavity  roomy; 
13893— Bull.  60—10 2 
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Fig.  1. 
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Fig.  2. 
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intestinal  bifurcation  about  one-sixth  of  body  lenj^th  from  oral  margin;  intestinal 
ceca  extend  to  caudal  end  of  equatorial  third  of  body.     Excretory  pore  0.16  mm. 

caudad  of  pore  of  Lau- 
rer's  canal;  excretory 
canal  runs  veutro-ceph- 
alad  to  dilated  vesicle 
cephalad  of  acetabulum. 
Male  organs:  Testes 
somewhat  lobate,  one 
ventral  of  the  other,  sep- 
arated by  ovary,  one 
extending  to  right  the 
other  to  left  of  median 
line,  thus  zones  and 
lidds  overlap;  the  testes 
lie  between  acetabulum 
and  fundus  of  ventral 
pouch;  vasa  efferent ia 
arise  on  dorsal  asj>e(t, 
unite  slightly  cephalad 
of  e<iuator  of  body;  vas 
deferens  much  coiled; 
pars  prostatica  less 
coiled;  ductus  ejacula- 
torius  probably  dis- 
charges independently 
of  melratenn. 
Female  organs:  Ovary  and  shell  gland  l)etween  testes;  vitellogene  glands  consist 
of  sparsely  scattered  follicles  in 
ventrolateral  body  segments  ex- 
tending from  slightly  caudad  of 
apparent  genital  pore  to  acetab- 
ulum; uterus  extends  from  shell 
gland  caudad,  dorsally,  turns 
cephalad,  and  runs  between 
vasa  efferentia,  dips  ventrally, 
extending  cephalad,  ventrally 
of  va.s  deferens,  to  genital  i>ore; 
Laurer's  canal  runs  from  ovi- 
duct dorso-caudad,  opens  on 
plane  of  cephalic  margin  of 
acetabulum,  about  0.1(1  mm. 
cephalad  of  excretory  pore. 

Eggs:    Few   in   number,   135 
by  75/t  in  sections. 
Typk.— U.S. B.A.I.  15328. 
IIabitat.— In    (?    organ    of) 
Bos  Irrnhau,  from  (Vylon. 

SonU'K  OF  MATERIAL. 

The  .sinj;lo  spociiiicii  stiid- 
i:M|  w  as   taken   fri)iii    Ixit  1 1< 
the  following  Icgciul; 


m^tr 


m.4; 


KlO.  4. 


Diinilx^rcd   ',VM7,  conlaiiiiiiij:  a   label  with 
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Name,  Gastrothylax  elongatus  Poir.  Host,  Bos  kerabau.  Locality,  Konigsberg, 
Tiergarten  (from  Ceylon).  Determined  by  Fischoeder.  Collected  by  FiBchoeder. 
Presented  by  Luehe,  June,  1902. 

The  specimen  was  sectioned  with  a  view  to  serving  for  purposes 
of  comparison,  but  was  found  to  differ  from  G.  elongatus  in  several 
respects.     Its  new  number  is  15328. 

EXTERNAL   CHARACTERS. 

SiZE_The  measurements  taken  from  the  sectioned  specimen 
give  a  length  of  6.4  mm.  and  greatest  transverse  and  dorso-ventral 
diameters  of  about  2  mm.  each. 

Qqlor  — The  specimen  was  of  a  buff  color. 

Form— In  form  it  closelv  resembled    F.   elongatus,  being  some- 
what spindle  or  cone  shaped.     While  the  greatest  transverse  diameter 
was  in  the  equatorial  re- 
gion,  the  greatest   dorso- 
ventral    diameter   was.  in 
the    caudal    third   of    the 
body.      This    appears    to 
have  been  brought  about 
by  slight  compression   or 
shrinking  from  side  to  side     ^  _ 
of  the  caudal  portion.  The 
longitudinal  axis  is  curved 
with    the   concavity  ven- 
trad.     The    cephalic    ex- 
tremity is  bluntly  pomted; 
the  caudal  is  broad  though 
somewhat    attenuated    as 
compared  with  the  equa- 
torial region.     In  the  ce- 
phalic portion  the  trans-  _  ,    n     • 
verse  section  is  nearly  circular  but  with  some  flattenmg  ventrally  m 
the  recrion  above  the  aperture  of  the  ventral  pouch  (fig.  3);    m  the 
equatorial  region  the  form  in  transverse  section  tends  to  assume  a 
rounded-triangular  outline  (figs.  6  and  7)  with  the   apex  of  the  tri- 
angle ventrad.                                                                            i  i      ^         -n 

Surface  —The  surface  cuticle  is  unarmed;  but  a  few  blunt  papillae 
were  observed  on  the  cephalic  portion  and  on  the  lip  of  the  aperture 
of  the  ventral  ])ouch  (fig.  4).  ,    i-  • 

Ventral  pouch.-Ahont  O.o  mm.  caudad  of  the  cephalic  margin 
there  is  a  transverse  slit  which  marks  the  ventral  aspect  of  the  animal 
and  serves  as  the  aperture  of  the  ventral  pouch  (see  %•  4).  Ihe 
lip  <,f  the  aperture  curves  latero-cephalad  from  the  median  Ime  form- 
ing two  lateral  ridges  (see  fig.  3),  which  rapidly  fade  out.  Included 
between  these  ridges  is  a  p<.rtion  of  the  ventral  aspect  of  the  cephalic 


Fig.  5. 
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extremitv  which  is  flattened  .and  continuous  with  the  dorsal  wall  of 
the  neck  of  the  pouch.  The  aperture  gives  entrance  to  a  ventro- 
dorsally  narrow  passage  which  extends  cauiUid  to  the  level  of  the 
genital  pore,  beyond  which  this  neck  dilates  rather  rapidly  to  form 
the  body  of  the  pouch  (fig.  2).  The  pouch  extends  caudad  to  a  point 
slightly  cephalad  of  the  genital  organs.  The  fundus  of  the  ])ouch 
bulges  somewhat  cephalo-ventrad  into  the  lumen  in  such  a  manner 
that  the  dorsal  wall  of  the  pouch  is  the  shortest,  the  ventral  the 
longest,  and  the  lateral  walls  intermediate  between  the  two.  A 
dorso-ventrally  very  narrow,  crescentic,  slit-like  prolongation  of  the 
pouch  extends  caudad  in  front  of  the  ventral  testis  to  the  j)lane  of 
the  caudal  aspect  of  the  latter  (figs.  2,  8,  9).  In  transverse  section 
the  aperture  of  the  ventral  pouch  is  a  crescentic  slit,  measuring  0.4.5 
mm.  from  horn  to  horn  and  about  0.1  mm.  ventro-dorsally;  tlie  canal 
above  (cepliaiad  of)  the  genital  pore  retams  the  crescentic  outline 
of  the  aj)erture,  ])ut  below  this  lovol  it  tends  to  a  triangular  form, 
^f,   ^  wliic^L  becomes  well  defined 

in  the  body  of  the  i)ouch. 
The  apex  of  this  triangle,  like 
that  of  transverse  sections 
of  the  body  of  (he  animal, 
is  directed  ventrad.  Corre- 
sponding to  the  })osition  of 
the  angl(>s  of  tliis  (riangl(> 
the  inclosing  Ixxly  is  con- 
stricted, marking  oH'  tlu'(H> 
segments,  a  dorsal  and  a 
right  and  l(>ft  ventro-lateral, 
of  wliich  the  (h)rsal  is  some- 
what the  largest  (see  figs.  6 
and  7).  In  the  equatorial 
region  the  longitudinal  axis  of  the  pouch  and  that  of  the  hodv  are 
sul)stantially  ichMiticah 

(rniifal  2)ore.— On  the  dorsal  wall  ..f  the  neck  of  iho  ventral  pouch 
at  the  vertex  of  a  larg(>  muscular  somewhat  hemisph(>rical  hulging 
is  the  genital  pore  (figs.  2,  ")).  Th<>  pore  leads  into  an  alriuni,  the 
dorsal  wall  of  which  is  in  (h(.  form  of  a  i)ai)illa,  at  the  vertex  of 
whicli  is  the  opening  of  the  ductus  ejaculatoruis  and  beneath  and 
adjacent  to  this  that  of  the  metraterm.  In  the  oidy  specimen  avail- 
able for  study  the  genital  ))ore  seemed  to  he  in  a  jilane  slightly  post- 
hifurcal.  This  api)ears  to  1)(>  due,  how(>ver,  to  an  artificial  crowding 
<•!•  hending  caudad  of  the  hemispherical  bulging  which  l)ears  it.  It 
IS  (>asily  eonceivahlc  that  a  crowding  or  bending  in  the  oi)posite 
direction  woul.l  hring  the  pore  to.  or  ch.s,.  to,  th(>  aperture  of  (he 
\'entl-al  pouch. 
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Acetahutum.-This  muscular  organ,  measuring  about  1.04  mm  in 
diameter,  occupies  the  caudal  terminal  portion  of  the  body.  It  is, 
like  that  of  F.  elongatus,  dome  shaped,  having  an  aperture  measur- 
ing 0.05  mm.,  which  is  directed  caudad  and,  because  of  the  bendmg 
of  the  body  axis,  very  slightly  ^^        ^ 

ventrad. 

INTERNAL    ANATOMY. 

Digestive     tract. — The 
bluntly  pointed  cephahc  ex- 
tremity   is    pierced    by    the 
mouth,  whicli  leads  directly 
into  a  muscular  oral  sucker 
about  0.6  mm.   long.     This 
sucker  lies  in  a  large  cavity 
{p.  s.  sp.  figs.  3,  4),  strongly 
suggestive  of  a  rudimentary 
body  cavity,  which  is  trav- 
ersed dorsally  and  ventrally 
by   mesenterium-like    bands 
(m   h  fiffs   3   4)      The  lumen  of  the  sucker,  in  transverse  section,  is 
rou.hly  circular"  near  the  mouth,  but  spindle  shaped  at  its  equator 
(fig  3),with  the  long  axis  of  the  spindle  in  the  transverse  diameter 
^  ^'    ^'  of  the  animal;  farther  cau- 

dad   this    spindle    becomes 
flattened  dorso-ventrally  so 
that  the  lumen    becomes    a 
transverse  sUt,  which  even- 
tually becomes  reduced  to  a 
small  circular  aperture  as  it 
gives  entrance  to  the  esopha- 
gus.    It  is  provided  with  a 
number  of  not  very  promi- 
nent papihge.     The   esopha- 
gus,   as   it  leaves   the   base 
of    the    sucker,    describes  a 
fairly  abrupt   curve   having 
its   convexity   ventrad    and 
then  passes  caudo-dorsad  to 
divide    into    two    intestinal 
coca;   the  esophagi,^  measure,  about  two-thirds  the  length  of  fte 
oral  sucker;  dorsally  of  its  cephalic    port...,,  is  fou,.d  a  «ell-devel 
oped  nerve  complex. 
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The  simple  iiitestiiial  ceca  pass  for  a  short  distance  latero-caiidad 
then  in  irregular  smiioiis  course  caudad  in  the  dorsal  body  segment. 
They  terminate  at  the  junction  of  the  middle  with  the  caudal  third 
of  the  body. 

The  lumen  of  the  oral  sucker  and  that  of  the  esophagus  are  hned 
by  a  cuticular  layer  in  anatomical  continuation  with  that  of  the  body 
surface.  It  is  tliin  in  the  sucker,  tliicker  in  the  esophagus,  and  ceases 
abrui)tly  at  the  fork.  The  intestinal  lumen  is  hned  by  a  layer  of 
epithelial  cells. 

Gexital  SYSTEM.— The  two  testes,  the  ovary,  and  the  shell  gland 
are  m  the  caudal  portion  of  the  body  between  the  fimdus  of  the"^ ven- 
tral pouch  and  the  dome  of  the  acetabulum,  one  testis  lying  dorsally. 
the  other  ventrally  of  the  female  glands. 

Male  organ fi.— The  testes  lie  in  about  the  same  dorso-ventral  plane, 
the  left  in  front  (ventral)  of  tlie  right  and  separated  from  tlie  latter 

by  the  interposition  of  the 
ovary,    shell    gland,    and 
the  I  Ionic  of  the  distended 
excretory      vesicle.       The 
ventral       testis       extends 
more    to   (lie    left    of    (]h> 
nie(Han     line,     while     the 
greater  portion  of  the  dor- 
sal testis  lies   immediately 
to  the  right  of  tliis  line, 
tlieir    fields    consecpiently 
overlap:    tlie   latter  testis 
lies  also  in  a  ])lane  that  is 
sliglitly   lower   (more  cau- 
dad) than  that  of  the  for- 
mer, their  zones   overlap- 
])ing    (figs.    1,    2,    S,    10). 
Both  glands  appear  much 
slu-unken,  and  each  is  made  up  of  several  lobes;  the  right  is  sliglitlv 
larger  than  the  left  and  the  caudo-dorsal  aspect  of  th(>  Iatt<>r  ai)peMrs 
excavated  and  molded  to  the  contour  of  the  ventro-c(>|)li:ilic  aspect  of 
the  distended  excretory  vesicle  (fig.  i)).    From  the  dorsal  asp(>ct  of  each 
testis  there  arises  a  vas  efferens.     These  ducts  j)ass  dorso-cephalad,  t  hat 
from  the  left  or  ventral  testis  describing  a  somewhat  sinuous  course 
as  It  curves  around  to  the  l(>ft  of  the  shell  gland  and  ovarv.     Near  the 
dorsum  of  the  animal  and  in  a  plane  just  above  (cepl'ialad  of)  the 
testes,  these  ducts,  one  on  each  si.le  ..f  and  slight Iv  removed  from  the 
median    line,    turn   directly   cephalnd    and    pursue   a  slightlv  sinuous 
course  to  the  e(iuator  of  the  animal;  at  this  level  (hev  begin  to  arch 
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inward  toward  the  median  line  and  soon  unite  to  form  the  vas  deferens 
(fig.  6).  In  tlie  greater  part  of  their  course  cephalad  they  lie  more 
or  less  close  to  the  ventro-median  aspect  of  the  corresponding  cecum 
with  the  uterus  between  them  (fig.  7). 

The  vas  deferens,  almost  immediately  after  it  begins,  develops  a 
complex  coil  and  its  lumen  becomes  more  or  less  dilated  and  filled 
with  spermatozoa;    this  portion  represents  the  vesicula  semmalis. 
Soon  its  walls,  which  appear  as  delicate  as  those  of  the  vasa  efferentia, 
become  abruptly  thickened  by  an  enormous  increase  in  the  muscular 
lavers  and  its  lumen  becomes  much  reduced  in  caliber.     This  portion 
of  the  vas  deferens  (pars  musculosa)  continues  the  coil  begun  by  the 
vesicula,  but   after 
pursuing    a    course 
cephalad  for  about 
twice  as  long  a  dis- 
tance as  that  of  the 
vesicula,   the   mus- 
cular   wall   of    the 
duct    becomes    en- 
closed in  a  moder- 
ately thick  la^^er  of 
cells.      From     this 
point,     which     is 
about  at  the  junc- 
tion   of   the   first 
with    the    middle 
third  of  the  body, 
the    complexity   of 
its    loops    becomes 
very    greatly    re- 
duced,    its    course 
cephalad     becomes 
less  and  less  wind- 
ing and  the  thickness  of  its  muscular  wall  slowly  dimmishes;   this 
portion  represents  the  pars  prostatica.     The  coils  of  the  vesicula, 
musculosa,  and  the  mndmgs  of  the  first  portion  of  the  prostatica 
lie   in  the  space  between  the  corresponding  portions  of  the  intes- 
tinal ccca.     As  the  prostatica  nears  the  esophageal  fork  it  tends  ven- 
trad  and  eventually  reaches  the  ventral  aspect  of  the  fork  at  which 
level  it  describes  a  curve  in  the  sagittal  plane  of  the  body  ^^^th  the 
convexity   of  the   curve  cephalad  (fig.  2).     At   the  vertex  of  this 
curve  the  prostatic  cells  abruptly  cease  and  the  duct,  wliich  at  this 
l^oint  has  become  somewhat  reduced  in  size  though  still  with  walls 
of    c<msi(lerablo    thickness,    turns    ventro-caudad,    approaches    and 
then  penetrates  the  base  of  the  genital  papilla,  at  the  vertex  of  which, 


Fig.  10. 
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havinf;  become  rapidly  reduced  in  size,  it  opens  by  a  minute  pore 
just  above  the  aperture  of  the  metraterm  (or  possibly  by  a  pore  that 
is  common  to  both  ducts).  The  single  specimen  available  for  study 
does  not  show  this  with  suilicient  clearness  for  definite  interpretation. 
To  the  portion  of  the  male  spermatic  canal  beyond  the  prostatica  the 
name  ductus  ejaculatorius  may  be  applied. 

Female  organs. — Trying  in  the  axial  region  of  the  body  between 
the  upper  (cephalic)  portions  of  the  two  testes  are  the  ovary  and  the 
shell  gland,  the  latter  being  close  to  the  left  ventro-lateral  aspect  of 
the  former  (figs.  8,  9).  The  superior  aspect  of  the  ovary  lies  in  a 
transverse  plane  that  is  slightly  ))elow  (caudad  of)  the  superior  mar- 
gin of  the  ventral  and  slightly  above  (cephalad  of)  that  of  the  dt)rsal 
testis.  The  oviduct  springs  from  the  ventro-caudal  as])ect  of  the 
left  pole  of  the  ovary  at  the  level  of  the  caudal  aspect  of  the  shell 
gland  to  which  the  duct  runs  and  wliicli  it  ])enetrates,  bending 
cephalad  as  it  does  so.  In  the  shell  gland  it  is  joined  by  the  vitcljo- 
duct.  The  shell  gland  is  an  egg-shai)ed  body,  consideral)ly  smaller 
than  the  ovary,  close  to  the  left  ventro-lateral  aspect  of  which  it 
lies,  with  its  long  axis  in  the  transverse  diameter  of  the  l)ody  of  the 
parasite  and  with  the  })roa(ler,  more  bluntly  rounded  pole  to  the  left. 
It  is  penetrated  by  the  oviduct  and  the  vitello-duct ;  the  former  at 
the  caudal  anil  tiie  latter  at  the  left  ventro-lateral  as])ect.  The 
two  unite  and  the  joint  duct  thus  formed  })asses  transversely  to  the 
right  and  slightly  cephalad,  fonuiiig  the  ootype  in  tlu>  center  of  the 
gland.  Beyond  this  dilatation  the  duct  is  continued  as  the  uterus, 
which  emerges  from  the  right  ])ole  of  the  gland  (lig.  S).  From  this 
point  the  uterus  curves  over  lo  the  left  of  the  shell  gland.  As  it 
skirts  close  to  the  left  of  the  shell  gland,  ovary,  and  dorsal  testis  in 
its  course  to  the  middle  line  of  the  dorsal  segnumt  some  coils  (lij> 
caudad  to  the  left  of  the  excretory  vesicle.  IIa\iug  reached  the 
mechan  line  it  winds  its  way  cephalad  iirst  between  the  vasa  ellerentia. 
then  under  tluMr  arch  and  close  to  the  ventral  aspect  of  the  vas 
defei'cns,  rctaiuiug  this  relation  to  the  male  LTcuital  (hid  \\\  the 
remainder  of  its  course  and  forming  a  curve  similar  to  tiiat  of  th(> 
j)ars  prostatica  at  the  level  of  the  eso])hageal  fork  before  it,  as  the 
metraterm,  penetrates  the  genital  papilla  at  the  \"ertex  of  which  it 
opens  eith(>r  just  below  and  separate  from  the  apcMturc  of  tlu'  male 
genital  duct  or  in  coniniou  with  it. 

The  uterine  canal  contains  relatively  few  eggs;  these  were  most 
nunu'rous  in  the  j)orlion  nearest  the  ovary.  Measurement  of  one  of 
these  in  section  gave  a  length  of  AWhn  and  a  width  of  li\;i.  Laurers 
canal  lca\es  the  oviduct  from  a  point  close  to  tlic  shell  gland  and  then 
pas.ses  dorso-caudad  to  ojxMi  by  a  minute  j)or(>  in  llu'  dorso-niediaii 
line  a  littl(>  below  the  su|)(>rior  margin  of  the  acetabulum  anil  about 
O.KJ  nun.  abo\e  the  excretory  pore. 
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The  vitellaria  consist  of  sparsely  scattered  follicles  confined  to  the 
ventro-lateral  body  segments.  In  a  vertical  direction  they  extend 
from  a  little  below  the  level  of  the  genital  pore  to  the  level  of  the 
superior  margin  of  the  acetabulum.  The  transverse  vitello-ducts 
pass  transversely  inward  with  a  tilt  cephalad  to  unite  m  the  median 
line  dorsallv  and  slightly  caudally  of  the  superior  margm  of  the 
ventral  testis  and  just  cephalad  of  the  plane  of  the  superior  margm 
of  the  shell  gland.  Their  point  of  union  is  not  dilated  into  a  reser- 
voir but  a  sfender  duct  is  given  off  which  passes  at  first  caudad  for  a 
very  short  distance,  then  to  the  left,  skirting  the  ventral  aspect  of  the 
shell  gland  which  it  penetrates  near  the  left  extremity  and,  describing 
a  sharp  curve  as  it  does  so,  becomes  directed  to  the  right  and  unites 

with  the  oviduct.  i    i-  ^      j   j 

Excretory  system.— The  excretory  vesicle  is  large  and  distended 
and  fills  the  space  between  the  male  and  female  sexual  glands  above 
(cephalad)  and  the  acetabulum  below  (caudad)  (figs,  2,  9,  10).  From 
its  dorsal  aspect  there  springs  a  short  excretory  duct  which  passes 
caudo-dorsad  to  open  in  the  dorso-median  hne  about  0.16  mm. 
caudad  of  the  pore  of  Laurer's  canal.  The  duct  is  lined  by  a  fairly 
thick  cuticular  layer  in  anatomical  continuation  with  that  of  the 
general  body  surface.  Two  large  longitudinal  excretory  canals  are 
found  at  about  the  level  of  the  esophageal  fork,  where  they  he  near 
the  dorso-lateral  aspect  of  the  corresponding  ceca.  As  the  intestines 
shift  latero-dorsad,  the  canals  come  to  lie  first  close  to  the  median  side 
and  later  close  to  the  ventro-median  and  ventral  aspect  of  the  ceca 
(fio-s  6  7).  The  canals  pass  caudad  to  a  point  in  the  transverse  plane 
of  "the  superior  margin  of  the  ventral  testis,  when  they  bend  somewhat 
ventrad  to  empty  into  the  excretory  vesicle. 

RELATION    TO    OTHER    SPECIES. 

This  worm  seems  most  closely  related  to  F.  elongatus,  from  which 
it  differs  chiefly  in  the  greater  proportionate  length  of  its  intestine; 
in  the  position  of  the  ovary  and  shell  gland,  which  lie  between  the 
upper  portion  of  the  testes  in  this  form,  whereas  in  F.  elongatus  they 
are  caudad  of  the  dorsal  testis. 

ILLUSTRATIONS. 

Fjg  1  —Frontal  projection  showing  oral  sucker  (o.  s.),  esophagus 
{es.),  mtestinal  ceca  (i.),  portion  of  the  uterus  {ut),  the^ testes  {Q, 
vasa  eff  erentia  {v.  e.) ,  and  acetabulum  (ac.) .  a-o ,  h-h,  c-c,  d-d,  e-eJ-J, 
g-g,  h-li,  planes  of  section.     Enlarged.     Original. 

Fig  2— Profile  projecticm  showmg  oral  sucker  (o.  s.),  esophagus 
{fs  )  left  intestine  (i.),  the  ventral  pouch  (v.  p.),  the  gemtal  bulging 
with  the  genital  ])oiv  leading  into  the  genital  atrium  (g.  a.),  the  utems 
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(ut),  shell  gland  (s.  g.),  ovary  {(/ik),  the  testes  (t.),  left  vas  efferens  i 

{v.  €.),  vesicula  semiiialis  (v.  s.),  pars  musculosa  (p.  m.),  pars  prostatica  i 

(p.  p.),  ductus  ejaculatorius  (d.  e.),  Laurer's  canal  (Z.  c),  excretoiy  i 

vesicle  {ex.  v.),  excretors'  pore  (ex.  p.),  and  acetabulum  (ac).     a-a,  , 

h-h,  c-c,  d-d,  e-e,f-f,  g-g,  Ji-h  planes  of  section.     Enlarged.     Original.  ! 

Fig.  3. — Transverse  section  at  a-a  figs.  1  and  2.     Shows  oral  sucker  ! 

(o.    s.),   perisuctorial   space  {p.  s.   sp.),  and    a   dorsal   dorso-ventral  I 
mesenterium-like  strand  (m.  &.).     Enlarged.     Original. 

Fig.  4. — Transverse  section  at  h-h  figs.  1  and  2.     Shows  aperture  of  1 

ventral  pouch  (a.  v.  p.),  papilljie  on  lip  of  aperture  (s.  pap.),  oral  sucker  i 

(o.  s.),  dorsal  and  ventral  mesenterhim-like  strands  (m.  h.),  perisuc-  J 

torial  space  (p.  s.  .9/>.).     Enlarged.     Original.  I 

Fig.  .5. — TruiLsverse  section  at  c-c  figs.  1  and  2.     Shows  form  of  ] 

body,  ventral  ])ouch  (v.  p.),  ductus  ejaculatorius  (d.  e.),  metraterm  i 

{va.),  uterus  int.),  pars  prostatica  {p.  p.),  and  intestines  (i.).     En-  ' 

larged.     Original.  ' 

Fk;.  0. — Transverse  section  at  d-d  figs.  1  and  2.     Shows  form  of 

body,  form  of  ventral  pouch  (r.  p.),  intestines  (i.),  excretors'  canals  i 

(ex.  c),  the  vasa  efferontia  a])out   to  unite   (v.  e.),  utenis  (vf.),  and  i 

vitellogcne  glands  (v.  g.).     Enlarged.     Original.  ! 

Fig.  7. — Transverse  section  at  e-e  figs.  1   and  2.     Shows  form  of  { 

body,  form  of  ventral  pouch  (v.  p.),  ])osition  and  relations  of  hit  est  hies  ! 

(i.),  excretoiy  canal  (ex.  c),  vasa  etl'erentia  (v.  e.),  litems  («^),  and  ; 

vitellogene  glands  (v.  g.).     Enlarged.     Original.  i 

Fig.  8. — Transverse  section  at  /-/  figs.   1   and  2.     Shows  form  of  ! 

body,  form  of  ventral  pouch  (v.  p.),  position  and  relation  of  the  testes  i 
(t),  ovaiy  (ov.),  shell  gland  (.s\  g.),  transvei-se  vitello-ducts  (t.  rd.), 
the  vasa  efTercntia  (v.  e.),  uterus  (?//.),  vitellogene  glands  (?\  ^.'l,  and 
excretoiy-  canals  (ex.  c).     Enlarged.     Orighial. 

Fig.  0. — Transverse  section  at  g-g  figs.  1  and  2.     Shows  form  of  j 

ventral  pouch  {v.  p.),  position  and  relations  of  the  testes  (/.),  dome  i 

of  excretoiy  vesicle   (ex.  v.),  ovaiy   (ov.),  caudal  extremity  of  shell  j 

gland  (.s\  g.),  oviduct  penetrating  shell  glantl  (ov.  d.),  right  transverse  i 

vitcllo-duct    (f.  vd.),  uterus  ((/^),an(l  vitellogcn<>  glaiKJs  (r.  7.).      Fn-  ! 
larged.     Original. 

Fig.  10. — Transvei"se  section  at  //-//  figs.  1  and  2.     Shows  position  | 

anil  ndations  of  the  superior  margin  of  th(>  aceta])iilum  (<ic.),  excretory  ; 

vesicle  (f.r.  v.),  dorsal  or  right   testis  (lA,   Laurer's  canal  (/..  c),  and  | 

Uterine  loops  (ut.).     Eniaig(Ml.     OrigiiiMJ.  | 

FISCIUKDKKM  S  SIAMKNSIs.  ii.i,   sporli-s.  j 

I  Kins.  11  toll'.]  j 

Specific  DiAnNosi.s.—FiV/)rrf/m(/.s-  (p.  17):    Tiody  fi.6  to  15.5  mm.  long:  buff  colnr 

(alrnhol  spocimcns);  rather  spindle  shaped,   wilh  Inincated  caudal  end,   Imt   niosl  1 

specimens    distorted ;    greatest    diameter    sumewhal     j)ree(|uat<irial;    oral    end    very  I 
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bluntly  pointed;  longitudinal  axis  straight  or  slightly  cur^^ed  with  concavity  ventrad, 
fa-ansverse  sections  near  both  poles  circular,  but  at  equator  nearly  circular  or  oval  to 
triangular  with  apex  ventrad.  Surface  with  coarse  transverse  sulci  or  stnations,  best 
defined  near  poles;  otherwise  smooth,  except  for  papilla  at  ora  pole  Crescentic 
opening  of  pouch  varies  in  position  from  oral  plane  to  equatonal  plane  of  oral  sucker; 
neck  of  pouch  with  triangular  to  semicircular  outline  in  transverse  section  extends 
caudad  of  genital  pore,  body  of  pouch  is  triangular  to  circular  in  outline  and  extends 
neariy  to  ventral  testis,  but  a  ventral  prolongation  may  enter  testicular  zone;  in 
enuatorial  region,  longitudinal  axis  of  pouch  coincides  mth  axis  of  body.  Genita 
pore  about  0  7  mm.  from  aperture  of  pouch,  either  bifurcal,  or  slightly  pre  or  post 
bif ureal-  a  larger  external  (ventral)  and  a  smaller  internal  (dorsal) 
atrium  present,  the  latter  neariy  filled  by  the  genital  papilla.  Ace- 
tabulum 1  5  mm.  in  diameter,  aperture  circular,  0.6  to  1.0  mm., 
directed  slightly  ventrad.  Mouth  in  a  crateriform  depression ;  oral 
sucker pyriform,  0.2  mm.  long,  0.2  mm.  in  dorso-ventral  diameter; 
perisuctorial  space  distinct;  esophagus  about  as  long  as  oral  sucker; 
bifurcation  about  on  plane  of  genital  pore;ceca  short,  extend  to 
equator  or  slightly  beyond,  tortuous,  in  longitudinal  dorsal  body 
secernent  Excretory  pore  dorso-median  or  right  or  left,  about  on 
pltne  of  cephalic  margin  of  acetabulum,  caudad  of  pore  ofLaurer's 

^^Male  organs:  Testes  median,  one  dorsal  of  the  other,  markedly 

indented    fields  and  zones  overlap,  immediately  preacetabular; 

vasa  effer'entia  unite  in  preequatorial  body  zone  about  at  junction 

of  cephalic  and  equatorial  thirds;  vesicula  and  musculosa  coiled, 

nrostatica  sinuous;  ductus  ejaculatorius  opens  separately  from  metraterm 

%eTale  organs:  ivary  in  testicular  zone  and  field,  dorso-caudad  or  caudad  o  dorsal 

te^rirrnedian,  right,  or  left  of  median  line;  vitellaria  chiefly  in  ventrolateral  longi- 

t:d;narbody  s'eglents,  but  to  some  extent  in  dorsal  segment  latera  o^  -a  -^^ 

about  from  plane  of  genital  pore  to  or  near  the  first  testis,  uterug 
extends  from  shell  gland  dorso-lateral,  may  dip  caudad,  turns  ceph- 
alad  runs  dorsally  of  testes,  under  union  of  vasa  efferentia,  in 
suctorial  field  to  genital  papilla,  discharging  separately  from  ductus 
ejaculatorius;  Laurer's  canal  extends  from  o^-iduct  m  smuoua 
course  cephalo-dorsad  to  dorsum,  and  discharges  median  or  right 
or  left,  in  plane  slightly  cephalad  or  caudad  of  cephalic  margin  of 
ovary. 

Eggs:  Not  measured. 

TiABiTAT.-In  (?  organ  of)  "Cow"  {Bos  sp.),  Phrapatoom  Siam. 
Type.— U.S.P.H.&M.H.S.  9956. 

Source  of  material.— These,  worms  form  part  of 
a  sending  by  Dr.  P.  G.  AVooHey  from  Phrapatoom, 
^'^•^2-  Siam.     The  host  was  given  as  Bos  ("cow"). 


Fig.  11. 


EXTERNAL    CHARACTERS. 

Size.— :^Ieasiirements  of  28  specimens  show  considerable  variation 
in  size.  The  length  varies  from  6.66  mm.  to  15.5  mm. ;  m  only  7  ot  _8 
specimens  does  the  length  exceed  10  mm.  ,     ,    i, 

C0T.0R.— The  worms  (fixed,  and  preserved  in  glycerme  alcohol)  are 

of  a  bull  color. 
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Fig.  13. 


Form. — Most  of  the  specimens  appear  more  or  less  distorted; 
only  a  few  appear  to  have  preserved  what  is  presumed  to  be  their 
natural  shape.  These  show  considerable  variation  (figs.  11-14)  in 
form;  in  general,  however,  this  is  not  unlike  a  spindle  with  a  trun- 
cated caudal  extremity.  The  greatest  diameter  of  this  spindle  form 
is  not  ill  t]u>  equatorial  region  of  the  worm  but  somewhat  preequa- 
torial.  The  cephalic  extremity  is  veiy  bluntly  pointed. 
The  longitudinal  axis  is  straight  or  veiy  slightly  curved 
with  concavity  of  the  curve  ventrad.  The  caudal  ex- 
tremity is  truncate;  it  presents  the  aperture  of  the  ace- 
talndum,  the  plane  of  which,  being  directed  with  a  cer- 
tain obliquity  from  the  venter  to  the  dorsum  and 
downward,  appears  to  be  tilted  more  or  less  ventrad. 

The  outline  of  the  worm  in  transverse  section  is  ap- 
])roximately  circular  both  at  the  caudal  and  the  ce- 
phalic extremities.  In  the  equatorial  region,  however, 
some  specimens  show  a  triangular,  some  a  triquadranl, 
and  others  a  more  or  less  circular  or  oval  form.  When 
triangular,  the  apex  of  the  triangle  is  directed  ventrad. 
This  vent  rally  directed  anglc^  is  r(>])laced  by  a  vertical 
groove  in  those  specimens  presenting  a  t ii(iua(hant  form. 

Surface. — The  general  cuticular  surface  is  marked  by  coarse  trans- 
verse striations  or  sulci,  that  are  best  defin(>d  about  the  ceplialic  and 
the  caudal  extremities;  it  is  smooth  otherwise  except  at  the  cej^hahc 
pole  where  it  is  beset  by  short,  more  or  less  conical 
])a])ilUv  which  are  most  numerous  and  most  prominiMit 
immediately   around   the   oral    aperture.      The  papilhe 
measure  up  to  0.03  mm.  in  length  and  up  to  0.04.')  niui. 
in  width  at  the  base. 

Ventral  pouch. — The  position  of  the  aperture  of  the 
pouch  varies;  in  some  it  is  in  the  same  transverse  ])laue 
as  the  mouth  (fig.  lG);hi  others  it  is  somewliat  cauda.l 
of  this  plane,  namely,  about  in  the  equatoiial  ])lan(>  of 
the  oral  sucker  (fig.  15). 

The  aperture  is  followed    by  a   ))assag(>    the   dimeu- 
sions  of  which  increase  but  slowly  up  to  th(>  h'vcd  <.f  ili,> 
genital  pore;  beyond  tliis  its  dimensions  increase  rajudh 
and  soon  tliis  passage,  wliich  may  be  r(>garded  as  the  ue( 
into  the  body  of  the  ])oucli.     The  pouch  extends  cauda.l  i, 
a  tiaiisverse  ])lane  slightly  ce|)Iialad  of  the  ventral  testis,  though  in 
sonH>  a   more  or  less  crescentic  slit-like  j)rolongati()n  is  tuck(>d  \n,  as 
if  were,  ventr.illy  of  this  gland. 

Tlu'  fundus  of  I  In-  pouch  is  in  a  plane  directed  more  or  less  oblicpielv 
from  the  dorsum  vculra.l  and  c.audad  so  that  the  dorsal  wall  of  tl 
pouch  is  shorter  than  the  ventral. 
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The  dorsal  wall  of  the  neck  of  the  pouch  is  arched  ventrad,  rela- 
tively shghtly  in  the  vertical,  but  considerably  in  the  transverse  direc- 
tion.' It'^differs  markedly,  however,  from  the  semipedunculated  glob- 
ular bulging  in  F.  fisclKBderi  (fig.  2). 

The  form  of  the  pouch  in  transverse  sections  depends  somewhat 
on  the  level.  The  aperture  is  a  simple  transverse  crescentic  sht  (fig. 
1,5) .  At  the  level  of  the  genital  pore  the  form  of  the  neck  of  the  pouch 
is  or  tends  to  a  triangular  outline  with  the  apex  ventrad  (fig.  17) .  In 
one  of  the  specimens,  however,  the  outhne  approached  more  nearly 
that  of  a  semicircle,  \Wth  the  arch  ventrad. 

In  the  equatorial  region  of  the  animal  the  outhne  of  the  pouch  va- 
ries in  different  individuals.     In  some  it  is  triangular;  in  others  it  is 
almost  circular,  though  in  some  of  the  latter  specimens  the  pouch 
may  present  a  triangular 
outline  in  a  plane  farther 
cephalad. 

At  the  level  of  the 
cephalic  aspect  of  the 
dorsal  testis  the  outhne 
of  the  pouch  in  trans- 
verse section  also  varies 
considerably  in  different 
specimens;  in  some  it  is 
acrescenticslit;  inothers, 
a  caret-like  sht,  and  in 
still  others  more  or  less 
irregularly  circular. 

In  the   equatorial  re- 
gion of  the   animal  the 
longitudinal  axis  of  the 
pouch  coincides  substan- 
tially with  the  longitudi- 
nal axis  of  the  body.     Whatever  the  form  of  the  pouch  in  transverse 
section,  the  encircling  body  is  divided  into  three  approximately  equal 
longitudinal  segments  by  constrictions;  one  of  the  latter  occupies  the 
median  ventral  line  and  the  others  the  right  and  left  dorso-lateral 
regions,  respectively  (fig.  21).      These  constrictions   correspond  in 
position  to  the  angles  of  the  triangle  when  the  pouch  has  this  form. 
Genital  jwre.—On  the  dorsal  wall  of  the  pouch,  about  0.70  mm. 
from  the  aperture,  is  the  genital  pore.     It  is  at  about  the  level  of  the 
esophageal  fork  in  3  of  7  specimens;  in  2  it  is  above  and  in  2  shghtly 
below  this  level.     The  pore  gives  entrance  tt)  an  atrium  which  appears 
to  be  divided  into  2  chambers  by  a  ring-like  projection  of  the  atrium 
wall.     Of  the  2  chambers  thus  formed,   the  outer,  or  ventral,   is 
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much  the  hirger.  The  inner,  or  dorsal,  is  almost  completely  filled  by 
the  genital  papilla,  leaving  only  a  narrow  slit-like  space  around  the 
latter.  The  genital  papilla  projects  into  the  chamber  from  what 
would  be  its  dorsal  wall.  At  the  vertex  of  the  papilla  is  the  crater- 
like  orifice  of  the  metraterm  and  immediately  above  the  latter  is  the 
minute  aperture  of  the  ductus  ejaculatorius  (figs.  17,  18,  19). 

The  projecting  ring  on  the  atrium  wall  varies  considerably  in  prom- 
inence. In  some  specimens  it  is  very  well  marked;  in  others  it  is  but 
ill  defined  and  apparently  due  oidy  to  a  slight  fold  or  narrow  groove 
in  the  atrium  wall. 

_ Acetabulum. — This  excavated  somewiiat  hemispherical  nuiscular 
organ  occupies  the  caudal  portion  of  the  body.  The  terminal  aper- 
ture is  circular,  tilted  slightly  ventrad,  and  in  two  sectioned  sj^eci- 
mens  measured  0.6  mm.  and   1.00  mm.  in  diameter,  respectively. 
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Fig.  16. 


The  muscular  dome  mcasurcMl  0.1.")  niiii.  and  O.-'il  nun..  n>s|M>ct  ivrly, 
in  tliickness  in  these  two  sectioned  specimens. 

The  greatest    (Uameter  of  tlie  acetabuhiin    nuMsurcd   in  seciion(>d 
specimens  was  1.")  mm.  in  one  and   1.17  mm.  in  anotluM'. 


INTKKNM,    .\\.V'I(>.\IV. 


DicKsTivi',  ri{.\(T. — The  vertex  of  the  l)hintly  p<tiiUcd  (■(>))halic 
extremity  is  morc^  or  less  depressed  in  the  form  of  a  more  or  less  shal- 
low irr(>gnlarly  circnlarcrater,  at  the  bottom  of  which  is  th(^  mouth  of 
th(>  animal.  This  leads  dircM'tly  into  a.  nmscidar  ])yriform  oral  sucker. 
The  latter  lies  in  a  distinct  cavity  (figs.  1.').  1()),  which  is  crossed  dor- 
sallv  and  ventralK'  1)\'  do^so-^ cut  ral  strands.     T^(\sid(<s  thes(^  strands, 
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the  sucker  is  attached  at  both  its  poles  to  the  body  parenchyma. 
The  lumen  of  the  sucker  varies  somewhat  in  form  in  different  individ- 
uals In  a  general  wav  it  is  a  transversely  broad,  but  dorso-ventrally 
a  rather  narrow  space.  In  transverse  sections  the  outline  of  the 
lumen  varies  at  different  levels.  In  the  region  of  the  mouth  it  is 
more  or  less  circular  or  elliptical;  farther  caudad,  about  m  the  plane 
of  the  equator  of  the  sucker,  the  outlines  become  spmdle  shaped  with 
the  major  axis  of  the  spindle  in  a  transverse  direction.  This  spindle- 
shaped  outline  is  rapidlv  reduced  to  a  transverse  slit,  and  the  slit  m 
its  turn,  as  the  result  of  a  contraction  of  its  transverse  diameter, 
becomes  reduced  to  a  small  circular  aperture  which  leads  into  the 
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Fig.  17 


esophagus  The  lumen  is  hned  by  a  thin  cuticle  which,  over  about 
the  cephalic  half,  is  beset  by  very  minute  conical  papillae.  The  esoph- 
agus springs  from  the  base  of  the  oral  sucker,  and  for  a  very  short  dis- 
tance passes  caudad  in  the  axis  of  the  latter;  then  rather  abruptly  i 
turns  dorsad  with  but  a  slight  inclination  caudad.  Its  length  is  about 
equal  to  but  does  not  exceed  that  of  the  sucker  and  it  divides  later- 
allv  into  two  intestinal  cecal  tubes.  The  angle  f.^rmed  by  the  fork 
appears  to  be  somewhat  in  excess  of  90°.     The  lumen  is  lined  by  a 

thick,  cuticular  layer.  ^  r;    x  i  i. 

The  intestinal  ceca,  from  their  point  of  origin,  pass,  at  hrst,  latero- 
caudad  then  directlv  caudad  to  terminate  about  midway  between 
the   cephalic   and    the   caudal   extremities.     The  ceca   may   extend 
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slightly  beyond  this  point,  or  they  may  fall  distinctly  short  of  it. 
They  pursue  a  somewhat  tortuous  course  in  the  dorsal  body  segment 
from  one-fourth  to  one-third  of  the  \\'idth  of  the  segment  mediad  of 
the  constriction  marking  off  this  segment  from  the  others.  The 
lumen  of  the  esophagus  is  lined  with  a  cuticle-like  layer,  wliich  ceases 
abruptly  at  the  fork.  Here  it  is  replaced  by  a  nucleated  cell  layer 
wliich  extends  throughout  the  intestine. 

Genital  system. —  Male  organs:  The  testes  lie  in  the  caudal  por- 
tion of  the  axial  region  of  the  body  immediately  preacetabular  (fig. 
22).  One  is  more  or  less  directly  dorsad  of  the  other,  but  in  slightly 
different  though  overlapping  zones.  The  dorsal  of  the  two  testes  is, 
as  a  rule,  the  one  found  in  tlio  higlier  (cephalad)  of  the  testicular  zones. 
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As  a  rule  the  testis  from  which  the  right  vas  ofl'orons  springs  (the  [(] 
right  testis)  is  also  the  dorsal  (and  cephalic)  one.  In  two  of  eight 
specimens  studied  this  arrangcuKMit  was  reversed,  the  left  testis 
(namely,  tiie  testis  from  which  the  left  vas  efTerens  sj)rings)  being 
dorsad  and  slightly  cephalad  of  the  right. 

The  margins  of  the  testes  are  markedly  iiuhMited.  the  indentations 
marking  off  lobes  of  different  dimensions.  From  the  dorsal  or  dorso- 
cephalic  aspect  of  each  testis  there  springs  a  vas  efTerens  which  ji asses 
dorsad  and  slightly  cephalad.  The  vas  from  the  ventrally  jilaced 
of  the  two  testes,  usually  the  left,  describes  a  curve  outward  in  its 
course  as  it  skirts  the  margin  of  the  dorsally  placed  gland.  At  about 
the  level  of  the  superior  aspect  of  the  superior  testis  the  vasa  effer- 
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entia  change  their  course  and  proceed  directly  cephaLad  in  the  dorsal 
lont^itudinal  body  segment  more  or  less  close  to  and  one  on  each  side 
of  the  uterus.  At  about  the  level  of4he  equatorial  plane  of  the  body 
of  the  animal  the  vasa  eff  erentia  come  into  relation  mth  the  intestinal 
ceca  close  to  the  ventro-median  aspect  of  each  of  which  they  then 
continue  on  their  way  cephalad.  They  maintain  this  relation  for 
some  distance,  then  they  bend  rather  abruptly  inward  toward  the  me- 
dian line  to  unite  and  form  the  vas  deferens.  This  union  takes  place 
at  about  the  junction  of  the  anterior  with  the  middle  third  of  the  body. 
The  vas  deferens,  immediately  after  it  begins,  develops  coils  as  it 
winds  its  way  cephalad.  These  coils  show  a  lumen  which  is  more  or 
less  dilated  in  different  specimens  wdth  walls  no  thicker  than  those  of 


the  vasa  eflerentia.  This  is  the  vesicula  and,  after  proceeding  a  short 
distance,  its  walls  become  abruptly  thickened  by  a  marked  increase 
in  the  muscular  layer.  This  portion  is  the  pars  musculosa  which  also 
forms  coils  as  it  proceeds  cephalad.  These  coils  have  a  lumen  that  in 
some  specimens  is  httle  if  any  smaller  than  that  of  the  vesicula.  Tliis 
pars  musculosa  proceeds  cephalad  to  watliin  a  short  distance  of  the 
esophageal  arch,  where  its  direction  is  changed  to  cephalo-ventrad. 
At  about  this  point,  too,  it  ceases  to  form  coils  and  is  continued  as  the 
pars  prostatica  of  the  vas  deferens.  The  pars  prostatica  pursues  a 
more  or  less  sinuous  course  and  is  inclosed  in  a  thick  layer  of  cells  with 
well-defined  nuclei.  On  reaching  the  base  of  the  genital  papilla  this 
cell  layer  abruptly  ceases.     Before  this  point  is  reached  there  is  ob- 
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servable  also  a  o^adual  reduction  in  the  thickness  of  the  muscular 
coat.  After  penetrating  the  genital  papilla,  the  wall  of  this  duct, 
wliich  now  corresponds  to  the  ductus  ejaculatorius  of  other  forms, 
becomes  progressively  thinner  and  its  caliber  becomes  rapidly  reduced 
in  diameter  so  that  at  the  vertex  its  opening  is  but  a  minute  slit  above 
the  large  female  aperture. 

Female  organs. — The  ovary  lies  in  the  testicular  zone,  dorso-caudad 
or  directly  caudad  of  the  dorsally  placed  testis  whether  the  latter  1)6 
the  left  or  the  right.  In  other  respects,  however,  its  position  is  sub- 
ject to  considerable  A^ariation.  In  four  of  seven  specimens  the  ovary 
was  to  the  right,  though  close  to  the  median  dorso-ventral  line;  in 
two  it  was  found  in  the  median  line,  while  in  one  it  wa-s  to  the  left 
of  this  lino. 

The  shell  gland  lies  close  to  the  ovary,  but  in  other  respects  its 
relation  to  the  latter  varies  considerably.  In  five  of  eight  specimens 
the  shell  gland  was  found  close  to  the  left  ventro-caudal  aspect  of  the 
ovary,  in  two  it  was  close  to  the  right  ventro-caudal  aspect,  and  in 

one  instance  it  was 
directly  vontrad  of 
the  ovary. 

The  oviduct 
springs  from  the 
ovary  and  j)asses  to 
the  shell  gland, 
which  it  penetrates. 
Variations  were  ob- 
served both  as  re- 
gards the  aspect  of 
the  ovary  from 
which  tlie  duct  sprang  and  the  path  which  it  j)ursu(Ml  in  its  course  to 
the  shell  gland.  In  six  of  eight  specimens  the  oviduct  sprang  from 
the  left  lateral  aspect  of  the  ovary,  in  one  from  the  right,  and  in  one 
from  the  caudal  aspect. 

The  pnth  which  the  oviduct  describes  is  more  or  less  curved  and  is 
eithcf  in  a  tiansvcrsc  (horizontal)  or  in  a  more  or  less  vertical  jilane. 
The  uterus  emerges  fri»ni  the  ventral,  rightorleft  lateral,  or c(>j)halic 
aspect  of  the  shell  gland.  In  none  of  the  specimens  studicMl  did  it 
emerge  from  eith(>r  the  dorsal  or  the  caudal  aspcM't.  From  this  the 
uterus  passed  lo  the  left  dorso-lateral  area  of  the  Ixxly  in  seven  of  the 
eight  s|)eeim(Mis  studied  by  us;  in  one  instance  the  litems  passed  to 
the  right  dorso-lateral  region.  In  tiu^se  areas  the  uterus  at  hrst  may 
dip  soiuewhal  caudad,  thiMi  it  turns  dorso-cephalad  and  tmvard  (lie 
median  line,  passing  dorsally  of  the  dorsal  testis  and  of  the  right  or 
the  left  vas  eO'erens,  aec(U'ding  as  the  uterus  occupied  the  rigid  or  the 
left  dor--o-l;ileral  areas.  Having  reached  the  median  dorsal  line  it 
pursues  a  /.ig/.ag  winding  <ourse  cephal;id  with  a  Aas  ell'erens  on  (>}ieh 
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Bide  and  passes  beneath  the  arch  formed  by  their  union  to  gam  the 
central  aspect  of  the  coiled  vas  deferens.  It  maintams  this  relation 
in  the  remainder  of  its  course  cephalad  and  ventro-cephalad  to  the 
crenital  papilla,  which  it  penetrates.  In  this  latter  portion  of  its  course 
the  zigzag  windings  have  become  markedly  reduced.  Its  termmal 
portion,  the  metraterm,  pierces  the  genital  papilla  and  opens  by  a 
larc^e  crateriform  pore  at  the  vertex  of  the  latter. 

The  uterus  contains  a  few  eggs  and  the  first  portion  also  some  sper- 
matozoa; in  one  case  it  contained  large  cells  resembling  germ  cells. 
Laurer's  canal  leaves  the  oviduct  a  little  before  the  latter  penetrates 
the  shell  gland. 
It  then  passes 
to  the  dorsum 
of  the  animal, 
describing  a 
more     or     less 
sinuous  course 
cephalo-dorsad 
to  the  right  or 
left  over  or  be- 
neath the  ovary 
to  its  pore  on 
the  dorsal  sur- 
face;  the  pore 
lies  in  the  medi- 
an line  or  more 
or  less    to  the 
right  or  left  of 
it    and    in    a 

plake,  which  may  be  slightly  above  or  below  the  superior  margin 
of  the  ovary.  In  seven  of  eight  specimens  this  point  was  more  or 
less  above  the  superior  margin  of  the  acetabulum,  while  m  the 
eighth  the  pore  of  Laurer's  canal  was  in  a  plane  slightly  below  the 
superior  margin  of  the  acetabulum. 

The  vitellaria  consist  of  sparsely  scattered  somewhat  globular  toiii- 
cles,  for  the  most  part  confined  to  the  ventro-lateral  body  segments, 
but  encroaching  to  some  extent  on  those  portions  of  the  dorsal  body 
segment  external  to  the  line  of  the  intestinal  ceca.  They  extend  from 
about  the  level  of  the  genital  pore  to  a  httle  short  of  or  occasionally 
partly  overlapping  the  zone  of  the  superior  testis.  The  transverse 
vitello-ducts  pass  mediad  and  slightly  caudad  from  the  lateral  regions 
of  the  body  about  at  the  level  of  the  ovary  and  ventrad  of  the  latter 
to  unite  at  the  right  or  the  left  of  and  close  to  the  shell  gland,  at 
which  point  a  somewhat  triangular  dilatation  is  formed.     From  the 
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dorsal  aspect  of  this  dilatation  (?  vitelline  reservoir)  a  relatively  slen- 
der vitello-duct  passes  toward  the  shell  gland  and  skirts  one  of  the 
cau do-lateral  aspects  of  the  latter;  on  reaching  the  dorso-lateral  as- 
pect of  this  gland  it  curves  cephalo-ventrad  to  penetrate  the  gland 
and  then  unites  with  the  oviduct  in  the  formation  of  the  oot^'pe. 

Excretory  system. — In  the  specimens  studied  the  excretory  vesicle 
was  collapsed  or  only  slightly  distended  and  was  placed  dorso-cepha- 
lad  of  and  at  about  the  level  of  the  dome  of  the  acetabulum.  The 
excretory  duct  leaves  the  dorsal  aspect  of  the  vesicle  and  passes  to 
the  dorsum  in  a  more  or  less  sinuous  course,  in  most  cases  with  a  slight 
tendency  caudad,  but  in  some  horizontally,  and  in  others  with  a  slight 
tilt  cephalad.     The  excretory  pore  is  caudatl  of  the  opening  of  Laurer's 

canal  and  is  about  at  the 
level  of  the  superior  nuirgin 
of  the  acetabulum,  though 
in  none  of  the  specimens 
was  it  exactl}'  so;  in  three 
of  eight  specimens  ii  was 
slightly  above  and  in  live 
slightly  below  this  point. 
Usually,  also,  it  is  in  about 
the  median  dorsal  line,  but 
we  found  it  st)mowhat  to 
the  right  in  one  instance 
and  considerably  to  the 
left  in  another.  In  each 
of  two  specimens  it  meas- 
ured about  30«in  diameter. 
There  are  two  main  lon- 
gitudinal canals  which  pass 
caudad  in  the  dorsal  longi- 
tudinal body  segment  lying 
near  and  ventral  of  the  in- 
testinal coca  in  the  cephalic  half  of  the  body,  and  they  maintain  this 
relative  position  beyond  the  termination  of  the  ceca  to  the  excretory 
vesicle. 

II.I.l'STRATIONS. 

Fi(!.   II.    W'utral  view.      Enlarged.     Original. 

Fk;.  II'.  -Trofile  view  »»f  specimen  shown  in  Fig.  1.  l^nlarged. 
Original. 

Fi(is.  i:\  and  11.  Pr<)lil(>  views  to  show  variation  in  form.  En- 
larged.   Original. 

Fid.  15. — Transverse  section  at  level  of  aperture  of  ventral  pouch. 
Shows  form  of  body,  surface  papilhr  (s.  pap.),  form  of  aperture  of 
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ventral  pouch  (a.  v.  p.),  form  of  oral  sucker  and  its  lumen  (o.  s.), 
perisuctorial  space  (p.  s.  sp.),  and  dorsal  and  ventral  mesenterium-like 
strands  (m.  &.).     Enlarged.     Original. 

YiG.  16.— Sagittal  section  through  oral  extremity.  Shows  mouth 
(m.),  oral  sucker  (o.  s.),  perisuctorial  space  {p.  s.  sp.),  aperture  and 
neck  of  ventral  pouch  {v.  p.),  genital  pore  (g.  p.),  genital  atrium  (g.  a.), 
genital  papilla  (g.  pap.),  intestine  {i.),  and  uterus  {ut).     Enlarged. 

Original.  . 

Figs.  17,  18,  and  19. — Series  of  three  transverse  sections,  bhow 
form  of  body,  form  of  neck  of  ventral  pouch  {v.  p.),  knuckle  of  esoph- 
agus (es.),  intestinal  ceca  {%.),  pars  prostatica  {p.  p.)  contammg 
niass  of  spermatozoa  {sz.),  separate  openings  of  ductus  ejaculatorius 
{d.  e.)  and  metraterm  (va.),  genital  papilla  {g.  pap.)  and  genital  atrium 
{g.  a.).     Enlarged.     Original. 

YiQ,  20.— Frontal  section  through  oral  extremity  to  show  sucker 
(o.  s.)  and  perisuctorial  space  {p.  s.  sp.).     Enlarged.     Original. 

YiQ,  21.— Transverse  section  to  show  form  of  body  and  of  ventral 
pouch  {v.  p.)  in  equatorial  region.  Shows  also  excretory  canal  {ex.  c), 
intestmes  (i.),  vasa  efferentia  {v.  e.)  and  vitellaria  {vg.).     Enlarged. 

Original.  . 

Fig.  22.— Sagittal  section  of  caudal  extremity  showmg  relations  ot 
acetabulum  (ac),  excretory  vesicle  {ex.  v.),  testes  {t),  shell  gland 
(s.  g.),  and  fundus  of  ventral  pouch  {v.  p.).     Enlarged.     Original. 

FISH(EDERIUS  CEYLONENSIS,  new  species. 

[Figs.  23  to  32.] 

Specific  diagnosis .-i^^cA^rfmus  (p.  17):  Body  6  to  7  mm.  long  by  2.56  mm. 
broad  by  2  52  mm.  thick;  buff  color  (alcohol  specimen);  rather  conical,  but  greatest 
diameter  about  at  junction  of  equatorial  and  caudal  thirds;  rather  prominently 
attenuated  cephalad,  slightly  attenuated  caudad;  longitudinal  axis  slightly  cur^^ed, 
concavity  ventrad;  cephalic  end  bluntly  pointed;  caudal  extremity  rather  truncate; 
dorsum  somewhat  convex,  venter  slightly  concave;  lateral  margms  convex  longi- 
tudinally; transverse  sections  near  both  poles  nearly  circular,  but  m  equatorial  region 
triangular  with  rounded  angles,  apex  ventrad.  Surface  smooth,  with  exception  of  a 
few  papillse  around  mouth  and  aperture  of  ventral  pouch.  Opening  of  ventral  pouch 
0  62  mm.  from  oral  margin;  pouch  begins  with  a  narrow  neck  which  extends  to  caudal 
margin  of  genital  atrium  (ventral  chamber),  then  dilates  into  cavity  which  extends 
along  dorsal  wall  to  cephalic  margin  of  testes  and  along  ventral  wall  to  equator  of 
acetabulum;  transverse  sections  of  aperture  and  neck  crescentic,  and  of  cavity  rather 
triangular  with  apex  ventrad.  Genital  pore  1.18  mm.  from  cephalic  margin,  some- 
what prebifurcal,  in  esophageal  zone;  a  large  external  (ventral)  and  a  small  internal 
(dorsal)  atrium  present.  Acetabulum  1.6  mm.  in  transverse  and  about  1  mm.  m 
dorso-ventral  diameter,  terminal,  slightly  sunken  in  body,  its  0.46  mm  aperture 
directed  caudad  and  because  of  curvature  of  body  axis  very  slightly  ventrad.  Mouth 
terminal,  leads  directly  into  oral  sucker  which  is  rather  elongate  pyriform,  0.62  mm. 
Ion-,  0  33  mm.  broad,  0.3  mm.  thick,  and  lies  in  a  well-developed  cavity  which  is 
traversed  dors^illy  and  ventrally  by  mesenterium-like  bands;  esophagus  relatively 
long  0  72  mm.,  hence  longer  than  oral  sucker;  bifurcation  at  junction  of  first  and  second 
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Fig.  24. 
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fourths  of  body,  ceca  short,  extend  about  to  junction  between  third  and  fourth  fifths  of  i 

body.     Excretory  pore  dorso-median  about  at  equator  of  acetabulum  aud  slightly  i 

(0.36  mm.)  caudad  of  pore  of  Laurer's  canal;  duct  short,  vesicle  not  much  distended  ; 
in  type  specimen. 

Male  organs. — Testes  large,  indented,  one  dorsal  of  the  other,  immediately  pre-  \ 

acetabular,  median,  zones  coincide,  fields  overlap,  one  testis  extending  more  to  the  i 

right,  the  other  more  to  the  left,  of  median  line;  vasa  efferentia  unite  at  equator  of  I 

body;  vesicula  and  pars  musculosa  well  defined  and  coiled;  pars  prostatica  long,  i 

neiirly  straight;  ductus  ejaculatorius  relatively  short,  but  distinct,  discharges  separ-  J 
ately  from  metraterm. 

Female  organs. — Ovary  and  shell  gland  ventro-caudal  of  aud  very  much  smaller  ) 

than  dorsal  testis;  vitellaria  in  ventro-lateral  and  dorsal  body  segments,  lateral  of  i 

ceca,  extending  from  level  of  caudal  end  of  pars  prostatica  into  but  not  beyond  equa-  • 

torial  third;  uterus  extends  from  shell  gland  dextrad,  dips  slightly  caudad,  turns  I 

cephalad,  forming  loops  dorsally  of  ventral  and  to  right  of  dorsal  testis,  expands,  passes  i 

under  arch  of  vasa  efferentia,  then  in  slightly  irregular  line,  but  without  loops,  it  i 

extends  cephalad  in  suctorial  field  ventrally  of  vas  deferens,  the  metraterm  discharges  i 

just  below  ductus  ejaculatorius  into  atrium;  Laurer's  canal  extends  from  oviduct  i 

dorso-caudad  to  dorso-median  line  0.36  mm.  cephalad  of  excretory  pore  and  about  on  i 

plane  of  cephalic  margin  of  acetabulum.  I 

Eggs:  'Not  observed.  \ 

Host. — Bos  herahau,  apparently  from  Ceylon,  died  in  zoological  garden  in  Germany. 

Type.— U.S. B.A.I.  15358.                                                                                            "  | 

Source  of  material. — The  single  s])eciinen  studied  Was   taken  I 

from  a  bottle  numbered  3376,  containing  a  label  with  the  following  j 

legend :  j 

Name,  Gastrolhylax  synethes  Fischoeder.  Cotype.  Host.  Bos  Jcerabau.  Locality-, 
Ktt'nigsberg,     Tiergarten     [Leipzig].     Collected     by     Fischoeder.     Determined     by 

Fischoeder.    Presented  by  Luehe;  date,  June,  1902.  i 

The  specimen,  after  staining  with  carmine,  dehydration,  and  clear- 
ing, was  found  to  dilt'er  from  Gastrothylax  synethes  in  several  resj)0('ts. 
It  was  then  numbered  15358,  sectioned,  and  studied  in  detail. 


EXTERNAL    CHARACTERS. 

Size. — The  alcohol  spocimcii  measured  7  ium.  in  length  and  3  mm, 
in  gr(>a(est  width.  Measurements  from  sections  give  5.98  mm. 
length,  2.50  mm.  greatest  widlli,  and  2.52  mm.  greatest  dorso- 
ventral  diameter. 

Color. — The  worm  was  of  a  bull'  color. 

Form. — In  a  general  way  (his  specimen  resembles  both  O.  sj/nethes 
and  (,'.  (longatus.  Its  greatest  transverse  and  dorso-lateral  diameters 
are  al  about  the  junction  of  tlio  equatorial  with  the  caudal  third  of 
(h(>  body.  From  this  region  toward  the  'poles  these  diameters 
become  i)rogressively  reduced,  markedly  toward  the  oral,  slightly 
toward  the  aboral  pole. 

The  longitudiiuil  a.xis  is  sliglitly  curved  with  the  concavity  ventrad. 

In  transverse  section  the  outline  of  the  body  near  the  oral  and 
aboral    extremities    is    substantially    circular    (figs.    25-27,    30-31), 
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though  just  above  the  aperture  of  the  ventral  pouch  the  venter  is 
flattened.  In  the  equatorial  region  (figs.  28,  29)  it  is  triangular  in 
form  with  rounded  angles,  one  of  which  occupies  the  median  ventral 
longitudinal  line. 

Surface.— The  surface  cuticle  is  unarmed,  but  there  are  a  few 
minute  papillae  at  the  oral  pole  immediately  around  the  mouth  and  on 
the  lip  of  the  aperture  of  the  ventral  pouch  (fig.  26). 

Ventral  jjoucJi.— On  the  ventral  aspect  of  the  animal,  0.62  mm. 
(measured  from  sections)  caudad  of  the  oral  margin,  there  is  a  trans- 
verse depression  which  is  the  aperture  of  the  ventral  pouch  (figs. 
24,  26).     This  aperture  leads  into  a  ventro-dorsally  narrow,  slit-like 
passage  which  may  be  regarded  as  the  neck  of  the  pouch.     This 
extends  caudad  to  the  lower  (caudal)  margin  of  the  ventral  chamber 
of  the  genital  atrium,  caudally  of  which  it  rapidly  dilates  into  the  body 
of  the  pouch.     The  body 
of  the  pouch  extends  cau- 
dad to  just  above  the  plane 
of  the  superior  margin  of 
the    ventral    testis.      The 
fundus  of  the  pouch  (as  in 
F.  jisch(Ederi)  bulges  some- 
what cephalo-ventrad  into 
the  lumen  in  such  a  man- 
ner as  to  make  the  dorsal 
wall   of   the  pouch    much 
shorter  than   the  ventral, 
and  the  lateral  walls  inter- 
mediate   gradations   be- 
tween the  two.     As  a  result 
of  this  there  is  (in  transverse  sections)  a  crescentic  slit-iike  prolonga- 
tion of  the  pouch  caudad  between  the  ventral  testis  and  acetabulum, 
on  the  one  hand,  and  the  ventral  wall  of  the  worm  on  the  other 
(figs.  24,  30,  31).     It  extends  caudad  to  a  Uttle  below  the  superior 
margin  of  the  acetabulum.  _  i-w        ^- 

The  outline  of  the  pouch  in  transverse  sections  varies  at  diflerent 
levels-  the  aperture  is  a  narrow  crescent  measuring  0.135  mm.  (m 
sections)  in  dorso-ventral  diameter,  with  rounded  horns,  the  distanc^ 
between  which  is  0.525  mm.  (in  sections) ;  the  neck  of  the  pouch 
retains  the  crescentic  outline  of  the  aperture;  in  the  equatorial  region 
of  the  worm  the  body  of  the  pouch  is  somewhat  triangular  m  outline 
with  the  apex  directed  ventrad.  Correspondmg  to  the  position  of 
the  angles  of  this  triangle  the  inclosing  body  shows  constrictions 
which  divide  it  into  three  segments,  one  dorsal  and  two  ventro-lateral, 
of  which  the  former  is  somewhat  the  largest  (figs.  28,  29). 


Fig.  25. 
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In  the  equatorial  zone  the  i)oik'1i  occupies  substantially  the  axial 
region  of  the  animal. 

Genital  iwre. — On  the  dorsal  wall  of  the  neck  of  the  ventral  jxjucIi 
there  is  a  longitudinally  elliptical  opening,  the  genital  pore,  measuring 
0.40  mm.  in  length  by  0..30  nun.  in  width,  leading  into  a  laro^e  some- 
what circular  depression  measuring  0.20  mm.  in  greatest  depth  (fio-s. 
23,  24,  27).  At  the  bottom  of  this  depression  (ventral  chamber  of 
genital  atrium)  is  a  small  pore  about  0.05  nun.  in  diameter  leadinij  into 
the  slit-like  dorsal  chamber.  The  dorsal  wall  of  this  is  formed  bv 
the  genital  papilla.  At  the  vertex  of  the  latter  may  be  seen  the 
minute  aperture  of  the  ductus  ejacidatorius,  and  immediately 
beneath   this,    the   considerablv   larger   opening  of  the   metraterm. 

This  papilla  is  just 
above  (cej)halad  of) 
the  level  of  the  eso- 
phageal fork. 

AaiahuJiiiti.  —  This 
organ  of  adhesion, 
measuiing  about  l.K) 
nun.  in  transverse  and 
about  1  mm.  in  dorso- 
ventral  (Hameter,  oc- 
cupies the  caudal  ter- 
minal j)oi-tion  of  the 
body,  and  its  aperture, 
directed  downward 
(caudad)  and,  because 
of  the  curvature  of  the 
body  axis, slightly  vcn- 
trad,  measures  about 
0.4()  mm.  in  diameter. 

INlKltNAL    AN.VTO.MY. 

DicJESTiVK  TRACT.— The  l)lunlly  j)ointe»l  t-ephalic  extremity  is 
pierced  by  th(>  transversely  elongated  spindle-shai)ed  aj)erlure  of  the 
oral  sucker  (the  mouth).  The  sucker  consists  of  a  dorsal  and  a  ven- 
tral muscular  mass  continuous  laterally  (figs.  23-25).  The  sucker 
measures  0.02  nun.  in  h-ngth,  0.30  nun.  in  greatest  dorso-vcni  lal,  and 
0.33  mm.  in  greatest  transverse  diametci-.  Its  lumen  is  a  nairow 
transverse  slit,  which  becomes  reduced  to  a  minute  ai)erture  at  the 
opening  into  the  esoj)hagus.  The  sucker  rests  in  a  roomy  si)ace 
{p.  s.  sj>.,  ligs.  25,  2(5),  in  which  it  is  h(>ld  in  position  by  its  anchorage 
to  the  parenchyma  and  cuticle  at  its  t)ral  extremity,  by  the  esophagus 
at  its  caudal  extremity,  and  between  these  points  by  dorsal  and  ven- 
tral mesenterium-likc  strands. 
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The  esophagus  begins  at  the  base  of  the  sucker  and  passes  caudad 
with  but  a  sUght  tilt  dorsad.  It  measures  0.72  mm.  in  length,  and 
at  the  junction  of  the  first  with  the  second  fourths  of  the  body  length 
it  forks  into  the  two  intestinal  ceca.  The  latter  pass  at  fu-st  (for 
about  one-fourth  of  their  length)  latero-caudad  then  in  a  direct 
though  slightly  sinuous  course  directly  caudad  in  the  dorsal  body 
segment  to  terminate  by  cecal  extremities  at  about  the  junction  of 
the.  third  with  the  fourth  fifth  of  the  body  length.  The  cecal  ex- 
tremities lie,  however,  in  shghtly  different  transverse  planes,  the 
left  being  slightly  above  the  right.  As  in  F.  elongatus,  the  lumen  of 
the  sucker  and  that  of  the  esophagus  are  lined  by  a  cuticle  in  ana- 
tomical continuation  with  that  of  the  body  surface;  it  is  thin  in  the 
sucker,  thicker  in  the  esophagus,  and  ceases  at  the  bifurcation. 
The   intestinal    ceca 

are  lined  throughout  ^- 

by  a  layer  of  epithe- 
lial cells. 

Genital  sys- 
tem.— The  testes, 
the  ovary,  and  the 
shell  gland  are  in  the 
caudal  portion  of  the 
body  immediately 
cephalad  of  the  ace- 
tabulum. 

Male  organs. — The 
two  large  testes  lie 
in  the  same  dorso- 
ventral  line,  the  left 
dorsad  of  the  right. 
The  bulk,  however, 

of  the  left  testis  lies  to  the  left  of  the  median  line  while  that 
of  the  right  or  ventral  testis  lies  to  the  right  of  the  median  Ime, 
so  that  their  fields  overlap.  Both  testes  show  marked  indenta- 
tions. A  vas  efferens  springs  from  the  dorsal  aspect  of  each 
testis  (fig.  30).  From  its  pomt  of  origin  the  left  vas  efferens 
passes  almost  directly  cephalad  in  the  dorsal  body  segment  a  little 
to  the  left  of  the  median  line.  The  right  vas  efferens,  on  account 
of  the  difference  in  the  position  of  the  testes,  is  longer  and  at  fu-st 
runs  almost  horizontally  dorsad  but  very  soon  turns  and  runs 
directly  cephalad  a  little  to  the  right  of  the  median  line.  The 
two  vasa  efferentia  unite  in  the  median  line  in  the  equatorial 
plane  of  the  body.  Just  before  they  unite  each  vas  describes  a 
curved  course  inediad  so  that  by  their  union  they  form  a  trans- 
verse arch  (figs.  29,  23).  In  their  course  the  vasa  are  separated 
one  from  the  other  by  coils  of  the  uterus  and  their  distal  portions 
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run  more  or  less  close  to  the  ventromesial   aspect   of  the  terminal 
portions  of  the  corresponding  intestinal  ceca. 

The  vas  deferens,  formed  by  the  union  of  the  vasa  efferent  ia, 
shows  a  well-marked,  thin-walled  vesicula  seminalis,  a  well-definetl 
pars  musculosa,  127//  in  diameter  with  walls  37 u  in  thickness  (both 
portions  very  much  coiled)  and  a  long  pars  prostatica.  The  latter 
pursues  an  almost  direct  course  cephalo-ventrad  beneath,  and  then 
ventrally  of  the  esophageal  fork  and  caudal  portion  of  the  esopliagus 
to  the  base  of  the  genital  papilla.  At  this  point  the  prostatic  cells 
enclosing  the  pars  prostatica  cease  and  the  continuation  of  the  duct 
pierces  the  genital  papilla  and  opens  by  a  minute  aperture  at  the 
vertex  of  the  latter.     This  terminal  portion  of  the  male  canal  becomes 


Fig.  28. 


very  rapidly  thin  walled  and  greatly  reduced  in  caliber  and  corre- 
sponds to  the  ductus  ejaculatorius. 

Female  organs.— Tho  ovary  and  shell  gland  lie  obliquely  side  by 
side,  close  to  the  ventro-caudal  aspect  of  the  dorsal  (left)  l(>stis 
(figs.  31,  24).  The  ovary  lies  obliciuely  lo  the  left  of  the  shell  gland 
and  gives  origin  to  the  oviduct  from  its  right  lateral  aspect.  The 
oviduct  at  first  passes  slightly  caudad  from  its  point  of  origin,  then 
turns  abruptly  to  the  right  and  ce])lialad  to  ])enetrate  the  dorso- 
caudal  aspect  of  the  shell  gland,  within  the  body  of  which  it  is  joined 
by  the  vitelloduct  and  forms  the  ootA^^e.  The  shell  gland  lies  close 
to  the  right  ce])hal<)-mesial  aspect  of  the  ovary.  It  is  ])enetrated. 
as  nlre.idy  described,  by  the  oviduct   and  a  little  to  the  right  of  th(> 
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Fig.  29. 


[atter  by  the  vitelloduct;  these  unite  to  form  the  ootype  which  is 
continued  as  the  uterus,  emerging  as  such  from  the  cephahc  aspect 
oi    the     shell 

Tland.    From  its  •■     ^'    ^'' 

point  of  emer- 
gence the  uterus 
passes  to  the 
right,  dips  slight- 
ly caudad,  and 
then  ascends 
cephalad  form- 
ing  coils  dorsally 
of  the  ventral 
and  to  the  right 
of  the  dorsal  tes- 
t  i  s .  Gradually 
the  distended 
coils  tend  toward 
the  median  line 

of  the  body  and  soon  come  to  occupy  the  space  between  the  vasa 
efferentia.  Wlien  the  uterus  reaches  the  arch  formed  by  the  union 
of  the  vasa  efferentia  it  passes  beneath  and  ventrally  of  the  latter 
and  ceases  to  form  coils.     It  now  takes  an  ahnost  direct  though 

slightly  sinuous 
course  cephalad 
close  to  the  ven- 
tral aspect  of  the 
coils  formed  by  the 
vesicula  and  pars 
prostatica  and 
finally  close  to  the 
ventral  aspect  of 
the  pars  prostatica 
and  ductus  ejacu- 
latorius,  to  open 
by  a  pore  of  rela- 
tively  consider- 
able size  at  the 
vertex  of  the  geni- 
tal papilla  below 
but  very  close  to, 
though  apparently 
quite  distinct 
from,  the  male  genital  pore.  Laurer's  canal  leaves  the  oviduct  at 
about  the  point  where  the  latter  turns  abruptly  cephalad  in  order  to 
penetrate  the  shell  gland,  passes  dorso-caudad,  and  opens  by  a  mmute 
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Fig.  30. 
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pore  on  the  dorsum  about  0.60  mm.  cephalad  of  the  caudal  pole  of 
the  body  and  about  0.36  mm.  cephalad  of  the  excretory  pore. 

The  follicles  composing  the  vitellogene  glands  (figs.  28,  30)  are 
scattered  tlirough  the  ventro-lateral  body  segments  in  a  manner 
similar  to  that  obtaining  in  F.  elongatus,  and  in  the  dorsal  body 
segment  external  to  the  intestinal  ceca.  Longitudinally  the  gland 
follicles  extend  from  a  plane  corresponding  to  the  caudal  end  of  the 
pars  prostatica  caudad  to  the  plane  of  the  cephalic  aspect  of  the 
testes.  From  about  the  caudal  extremity  of  each  vitelline  gland  a 
duct  passes  medio-caudad;  the  two  transA^erse  ducts  unite  close  to 
the  ventral  aspect  of  the  shell  gland  at  about  the  level  of  the  ootype. 
A  well-defined  vitelline  reservoir  is  not  present,  unless  the  transverse 
ducts  which  are  of  considerable  caliber  and  filled  with  vitelline  cells 

may   be   so    regarded. 
*^      —  '^■■^—  P>omthepoint  of  union 

of  the  transverse  ducts 
a  duct  passes  off  in  a 
direction  caudad  close 
to  the  ventral  aspect 
of  the  shell  gland,  and 
follows  its  contour 
around  to  its  dorso-cau- 
dal  aspect.  Here  this 
duct  penetrates  the 
gland  to  unite  in  its 
substance  w  i  t  h  the 
oviduct. 

EXCRETOKY  SYS- 
TEM.—  The  excretory 
vesicle  lies  caudo-ven- 
trally  of  the  ovary  and 
shell  gland  and  dor- 
sally  of  the  dome  of  the  aceta])ulum.  In  the  single  s^^ecimen  studied 
the  vesicle  appears  for  the  most  ])art  as  a  transverse  slit,  distended 
slightly  only  in  its  caudal  portion.  Frcnn  its  caudal  aspect  a  short 
(hict  is  given  off  wliicli  ■i)ass(\s  dorso-caudad  to  open  by  a  ]>ore 
caudad  of  jjaurcr's  canal.  This  ihict  is  lined  l)y  a  cuticle  in  ana- 
t()mi<-al  cont  iiiunt  ioii  \\illi  tlmt  (»f  t  he  surf:ic(>. 
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Fig.  31. 


KKI.A'IION     TO    orilKIl    SPECI?:S, 


The  topography  of  the  genital  system  and  the  t(>rniination  of  the 
intestinal  ceca  in  the  equatorial  region  bring  (his  worm  close  to 
/*'.  elonf/dfiis  and  F.  fisrliadcri.  Tlie  long  eso])liagus  and  the  roomy 
ventral  eliainber  of  (lie  genital  alriuni.  (piite  distiiiel  from  that  in 
eith(>r  /■'.  doiKjatiis  or  I',  jisclnnh ri  a])])(>ar  lo  indicate  lha(  this  is  a 
distinct  .species  and  clearly  dillerentiates  it  from  both  of  them. 
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ILLUSTRATIONS. 

YiG,  23. — Frontal  projection.  Shows  oral  sucker  (o.  s.),  esophagus 
(es.),  position  of  genital  pore  (g.p.),  intestinal  ceca  (i.),  testes  (t.), 
vasa  efferentia  (v.e.),  vesicula  seminalis  (v.s.),  pars  musculosa 
(p.m.),  pars  prostatica  (p.p.),  uterus  (ut.),  smd  acetabulum  (ac). 
a-a,  h-h,  c-c,  d-d,  e-e,  f-f,  g-g,  Ji-h  planes  of  section.  Slightly 
diagrammatic.     Enlarged.     Original. 

YiQ^  24. — Profile  projection.  Shows  oral  sucker  (o.  s.),  esophagus 
(es.),  right  intestine  (i.),  testes  (t.),  right  vas  efferens  (v.e.),  vas 
deferens  (v.s.;  p.m.;  p.j}-),  sliell  gland  (s.g.),  ovary  (ov.),  uterus 
(uL),  Laurer's  canal  (L.  c),  excretory  vesicle  (ex.  v.),  excretory  pore 
(ex.  p.),  and  acetabulum  (ac).  a-a,  h-h,  c-c,  d-d,  e-e,  f-f ,  g-g,  h-h 
planes  of  section. 
Slightly  diagrammatic. 
Enlarged.     Original. 

Fig.  25. — Transverse 
section  at  a-a  figs.  23 
and  24.  Shows  outline 
of  body,  form  of  oral 
sucker  and  of  its  lumen 
(o.  s.),  perisuctorial 
space  (p.  s.  sj).),  and 
mesen  tori  um -like 
strands  (m.  h.).  En- 
larged.    Original. 

Fig.  26. — Transverse 
section  at  h-l  figs.  23 
and  24.  Shows  outline 
of  body  at  level  of  aper- 
ture of  ventral  pouch 
(a.  V.  p.)  and  relation  of 
latter  to  beginning  of  the 

esophagus  (es.),  the  perisuctorial  space  (p.  s.  sp.)  and  surface  papillse 
{s.jyap.)  on  margin  of  aperture  of  ventral  pouch.    Enlarged.    Original. 

Fig.  27. — Transverse  section  at  c-c  figs.  23  and  24.  Shows  out- 
line of  body,  form  of  ventral  pouch  (v.  p.),  dorsal  chamber  (g.a.), 
ventral  chamber  of  genital  atrium  (g.a.c),  ductus  ejaculatorius 
((/.  e.),  metraterm  (m.),  esophagus  (es.),  and  longitudinal  excretory 
canals  (ex.  c).     Enlarged.     Original. 

Fig.  28. — Transverse  section  at  d-d  figs.  23  and  24.     Shows  tri- 
angular form  of  body,  ventral  pouch  (v.  p.),  intestines  (i.),  excretory 
canals   (ex.c),  pars  musculosa   (p.m.)   of  the  vas  deferens,  uterus 
(ut.),  and  vitellaria  (v.  g.).     Enlarged. 
13893— Bull.  60—10 4 


Fig.  32. 


Original. 
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Fig.  29. — Transverse  (equatorial)  section  at  e-e  figs.  23  and  24.  I 

Shows  form  of  body  and  of  ventral  pouch  {v.  p.),  arch  of  union  of  { 

vasa  efferentia    (v.  e.),  vesicula   (v.  s.),  uterus    (ut.),   intestines    (i),  ■ 

excretory  canals  (ex.  c),  and  vitellaria  (r.  ^.).     Enlarged.     Original.  | 

Fig.  30. — Transverse  section  at  /-/figs.  23  and  24.     Shows  form  of 

body,  caret-like  form  of  ventral  pouch    (v.  p.),  testes  (t.),   uterus  i 

(ut.),  origin  of  vasa  efferentia  (v.  e.),  and  vitellaria  (v.  g.).     Enlarged.  | 
Original. 

Fig.  31. — Transverse  section  at  g-g  figs.  23  and  24.     Shows  form  i 

of   body,   slit-like   prolongation   of   ventral   pouch    {v.  p.),   superior  ;i 

margin  of  acetabulum  (ac),  caudal  aspect  of  dorsal  testis  (t),  cephalic  » 

margin  of    ovary    (ot\),  shell    gland    (s.g.),   transverse  vitello-duct  I 

(t.  vd.),  common  vitello-duct    (c.  vd.),  and  uterus   (ut.).     Enlarged.  | 
Original. 

Fig.  32. — Transverse  section  at  h-h  figs.  23  and  24.     Shows  form  i 

of  body,  slit-like  extremity   of  ventral  pouch    (v.  p.),   acetabulum  i 
(ac),  ovary   (ov.)  and   origin  of   oviduct   (ov.  d.),  caudal  aspect  of 

shell  gland  {s.g.),  common  vitello-duct  {c.vd.),  uterus  {ut.),  slit-like  i 
beginning  of  excretory  vesicle  {ex.  v.).     Enlarged.     Original. 

CARMVERIUS,' new  genus.  I 

Generic  diagnosis. — Gastrothylacinx  (p.  16):  Vas  deferens  and  cephalie  half  of  i 

uterus  chiefly  or  entirely  in  suctorial  field.     Testicular  fields  separate,  zones  nearly  | 

coincide,  postcecal  or  intercecal;  vesicula  without  straight  portion.     African  and  j 

Asiatic.  I 

Type  species. — C.  gregarius  (Looss,  1896)  [Gastrothylax  gregarius  Loess,  1896b,  5-13,  I 

170-177,  pi.  1,  figs.  1-3].  I 

This  group,  as  at  present  constituted,  contains  5  sj^ecies  which  ; 

agree  in  certain  characters,  and  3^et  are  so  diirerent   that   they  will  j 

certainly  submit  to  further  grouping  as  .soon  as  additional   foiins  i 

become  known.     At  present  at  least  4,  probably  5,  subgroups  can  | 

be  more  or  less  clearly  foreseen.     For  the  sake  of  conservatism  we  I 

will  liere  recognize  5  monotypic  subgenera,  as  follows:  ! 

A^.  Genital  atrium  with  very  large  ventral  chamber;  testes  jwstcecal:  | 

B'.  Ceca  corkscrew  like,  rather  narrow,  long,  end  in  fourth  zone;  testes  deeply  I 

indented;  transverse  section  of  pouch  triangular,  apex  ventrad;  vitellaria  I 

fine;  typo  Gastrothylax  synethes  Fischceder,   in  Bos  kerabau,   from  Ceylon.  , 

New  subg.  Synethes.  '. 

B^.  Ceca  straight,  broad,  short,  end  in  third  zone;  testes  lobate,  very  lat(>ral;  trans-  < 

verse  section  of  jKHuh  triangular,  apex  dorsad;  vitellaria  coarse;  type  Gastro-  > 

thylax  gregarius  Looss,  in  Bos  hubahis,  Egypt,  also  in  Bos  taurus,  Ea.>*t  Africa.  I 

New  subg.  Camyerius.  | 

'  This  genvis  is  dedicated  to    Mi.ss  Caroline    Myer,  technical  clerk  in  the  I'nited  I 

States  Bureau  of  Animal  Industry,  in  recognition  of  the  obligation  which  we  feel  that  I 

helminthologist.s  owe  to  Miss  Myer  for  her  years  of  faithful  work  on  the  Index  Cata-  i 
logue  of  Medical  and  Wterinary  Zoology. 
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^2.  Genital  atrium  without  ventral  chamber;  testes  post  or  intercecal: 
B^.  Ceca  straight,  narrow,  rather  long,  end  in  fourth  zone;  testes  lobate,  postcecal; 
transverse  section  of  pouch  circular;  type  Gastrothylax  spatiosus  Brandes,  in 

Bos  taurus,  Arabia New  subg.  Gastrothyladm. 

B*.  Ceca  rather  sinuous,  narrow,  long,  end  in  fourth  and  fifth  zones;  testes  intercecal; 
transverse  section  of  pouch  triangular,  apex  ventrad;  type  Gastrothylax  man- 

cupatus  Fischoeder,  in  Bos  taurus,  East  Africa New  subg.  Gastrothylacides. 

B\  Ceca  swollen  in  caudal  half,  rather  long,  end  in  fourth  zone;  testes  inter  and 
postcecal;  transverse  section  of  pouch  rather  triangular,  apex  ventrad;  type 
Gastrothylax  minutus  Fischoeder,  in  Tragelaphus  scryptus,  Kamerun,  also  in 
Antilope  sp New  subg.  Thylogaster. 

WELLMANIUS,  new  genus. 

Generic  DIAGNOSIS.— &'as<TO%Zadna?  (p.  16):  Vas  deferens  and  cephalic  half  of 
uterus  chiefly  or  entirely  in  suctorial  field.  Testicular  fields  separate,  zones  coincide, 
testes  in  inter,  extra,  and  cecal  areas,  dorsal  of  ceca;  vesicula  seminalis  consists  of  a 
caudal  straight  and  a  cephalic  coiled  portion. 

Type  species. —  Wellmanius  icelbnani  new  species.     Africa. 

This  new  species,  new  genus,  separates  out  very  easily  from  the 
other  forms  of  Gastrothylacidse.  Both  the  genus  and  the  species  are 
dedicated  to  the  American  student  of  African  tropical  medicine  who 
sent  us  the  material.  The  "virtual  tautonomy"  used  hcx-e  and  else- 
where is  intentional. 

WELLMANIUS  WELLMAXI,  new  species. 

[Figs.  33  to  42.] 

Specific  diagnosis.— Wellmanius  (p.  51):  6.5  to  8.25  mm.  long,  by  3  to  4  mm. 
broad,  more  or  less  conical  in  form,  straight  or  curved,  circular  in  transverse  section, 
greatest  diameter  near  acetabulum.  Surface  unarmed,  but  bluntly  pointed  cephalic 
end  bears  small  papilte.  Opening  of  ventral  pouch  0.67  mm.  from  anterior  end; 
pouch  extends  to  acetabulum;  its  transverse  section  triangular  (then  pentagonal), 
with  apex  ventrad;  shorter  dorsally  than  ventrally,  ventral  end  extending  in  acute 
angle,  caudal  wall  thus  not  representing  a  transverse  plane.  Genital  pore  at  about 
the  equator  of  the  esophagus;  genital  papilla  may  be  prominent,  nearly  filling  atrium. 
Acetabulum  terminal,  1.7  to  2.5  mm.  in  diameter,  its  aperture  tilted  slightly  ventrad. 
Oral  sucker  rather  pyriform;  esophagus,  shorter  than  sucker,  bifurcates  one-fifth  to 
one-fourth  the  body  length  into  2  tortuous  wavy  ceca  which  extend  to  the  acetabu- 
llim.  Excretory  system  well  developed  with  large  vesicle  and  with  thick-walled 
efferent  canal  opening  dorso-median,  caudad  of  the  opening  of  Laurer's  canal. 

Male  organs:  Testes  lobate,  lateral,  in  same  transverse  zone,  but  their  fields  are  sep- 
arated by  dome  of  acetabulum  and  excretory  vesicle;  vas  deferens  median;  vesicula 
seminalis,  pars  musculosa,  pars  prostatica,  and  ductus  ejaculatorius  well  developed. 

Female  organs:  Ovary  usually  left,  shell  gland  right  of  median  line,  between  cephalic 
end  of  testes;  uterus  coiled ;  metraterm  straight;  Laurer's  canal  opens  median,  cephalad 
of  excretory  pore;  vitellaria  extend  from  slightly  caudad  of  intestinal  fork  to  near 
termination  of  ventral  pouch;  at  first  (cephalad)  the  follicles  are  small,  sparse,  and 
scattered,  then  larger  and  more  numerous,  extending  ventrad  of  intestinal  ceca  and 
ventral  ])0uch. 

Eggs:  112.5  by  60/j,  oval,  operculated. 

Habitat.— Lesser  Reed  Uok  (Cervicapra  bohor),  Benguella  (type  locality),  Africa. 

Type.— U.S. P.H.&M.n.S.  9831,  alcoholic  material  and  sections. 
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Source  of  material. — This  material  was  sent  to  us  by  the  Ameri- 
can Society  of  Tropical  Medicine.  It  was  collected  b}'  Dr.  F.  C 
Wellman  in  Benguella,  West  Africa,  from  the  stomach  of  the  Lesser 
Reed   Bok    {Cerricapra    hohor).     The   sending   contains    a   piece   of 

stomach   showing   how  these    trematodes    attach 

themselves  to  the  mucosa. 

EXTERNAL    CHARACTERS. 

Size. — The  specimens  vary  in  size  from  V>.r>  to 
S.25  mm.  in  length  by  3  to  4  mm.  in  breadtli. 

Color. — Alcohol  specimens  are  of  a  buff  color. 

Form. — The  specimens  differ  somewhat  one  from 
another,  but  all  are  more  or  less  conical  in  form, 
with  the  longitudinal  axis  either  straight  or  more 
or  less  curved  with  the  convexity  dorsatl.  The 
cephalic  extremity  is  rather  bluntly  pointed  and  bears  the  tGrminal 
moutli  wluV'h  may  bo  directed  slightly  dorsad  or  slightly  ventrad. 
The  body  is  more  or  less  circular  in  cross  section  and  its  greatest 
diameter  is  more  or  less  near  the  caudal  extremity  which  beare  a 
largo  terminal  acetabulum,  the  terminal  circular  orifice  of  which,  in 
some  of  the  specimens,  is  also  tilted  slightly  ventrad.  In  some  of 
the  specimens  the  body  is  somewhat  constricted  transversely  at  or 
slightly  caudad  of  the  equator  (figs.  33,  34). 

Surface. — The  surface  cuticle  is  devoid  of  spines  or  hooks,  but  is 
marked  by  fine  transverse  sulci  and  at  the  oral 
extremity  it  is  sparsely  beset  by  bluntly  rounded 
papilla\  It  is  marked  at  one  point,  a  little  (0.675 
mm.  in  one  series  of  sections)  below  the  oral 
nuirgin,  by  a  small  transverse  slit,  wliich  is  the 
aperture  of  Iho  ventral  jiouch  antl  indicates  the 
position  of  tlio  venter  of  the  animal.  Immedi- 
ately above  this  slit  the  surface  over  a  circum- 
scribed area  is  sliglitly  depressed  (sec  figs.  33,  34). 
Ventral  pouch.  'V\h^  v(>ntral  pouch  extends  from 
its  aperture,  whieii  is  situated  alitth'  {OXuh  mm.  in 
a  sagittal  section)  b(>low  the  level  of  the  oral  mar- 
gin to  a  little  above  the  level  of  the  upper  margin 
of  the  acetabulum.  In  transverse  sections  the.  form  and  dimensions 
of  its  lumen  Viiry  greatly  at  (li(l'(M-ent  levels  and  to  a,  eonsiderablo 
extent  indiMeivnl  specimens.  The  ;i  pei  I  ure  lies  in  ;i  slight  depi-ession 
of  th(>  venter.  It  is  crescent ic  and  more  or  le.ss  slit  like  in  form  (fig. 
37),  measuring  ().3<)  nun.  from  horn  to  horn  in  one  of  the  s<'etioned 
specimens.      A  little  hclow  lh(>  \v\v\  of  the  genitid  ])ore.  which  is  on 


Flc).  34. 
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,he  dorsal  wall  of  the  pouch,  the  outline  in  transverse  sections  is 
bund  to  have  become  changed  from  the  crescentic  sht  to  nearly  a  tri- 
mgular  form  with  the  apex  ventrad  (fig.  38). 

In  its  further  course  caudad  the  triangular  lumen  of  the  pouch 
gradually  shifts  toward  the  axial  region  of  the  body  which  it  then 
jomes  to  occupy.  Coincident  with  this  shifting  of  position  there  is 
1  further  change  of  outline,  the  triangular  form  becoming  more  or 
[ess  pentagonal  but  with  the  apex  still  directed  ventrad  (fig.  39). 
A.t  first  the  caliber  of  the  lumen  of  the  pouch  increases,  but  as  the 
fimdus  of  the  pouch  is  approached,  its  ventro-dorsal  diameter  becomes 
rapidly  contracted  because  the  fundus  instead  of  occupying  a  hori- 
zontal (transverse)  plane  occupies  ^ ^^^^ 

a  plane  which  is  directed  obliquely 
caudo-ventrad,  the  dorsal  wall  of 
the  pouch  being  shorter  than  the 
ventral;  in  consequence  of  this, 
the  outline  of  the  pouch  in  sagittal 
section  is  somewhat  that  of  a  tri- 
angle with  its  apex  at  the  entrance 
of  the  pouch  (fig.  35).  The  lining 
of  the  pouch  is  a  cuticle  in  anatom- 
ical continuation  with  that  of  the 
surface  and  appears  to  be  in  irregu- 
lar longitudinal  and  transverse 
folds,  producing  an  appearance 
somewhat  suggestive  of  papilla?  in 
sections.  In  the  specimens  sec- 
tioned, the  pouch  contained  some 
granular  matter  and  a  few  eggs. 

Genital  f  ore. — On  the  dorsal  wall 
of  the  pouch  a  httle  (0.375  mm. 
in  one  sagittal  section)  below  its 
aperture  and  in  about  the  equator 
of  the  esophagus  is  the  genital  pore. 

somewhat  flattened  hemispherical  bulging.  In  a  sagittal  section 
of  one  specimen  this  bulging  measured  0.40  mm.  in  its  longitudinal 
diameter.  The  genital  pore  leads  into  a  chamber  which  is  almost 
completely  filled  by  a  papilla  (genital).  In  one  sectioned  specimen  a 
part  of  this  papilla  protruded  into  the  ventral  pouch  through  the  pore, 
its  margin  closely  embracing  and  somewhat  constricting  it  (fig.  35). 

Acetabulum.— "Yhis  muscular  organ  of  adhesion  occupies  the  caudal 
extremity  and  its  aperture,  which  is  more  or  less  circular,  is  in  the 
axial  line  with  a  slight  tilt  ventrad  in  some  of  the  specmiens.  The 
diameter  of  the  acetabulum  varied  from  1.7  to  2.5  mm.  in  the  speci- 
mens in  which  it  was  measured.  The  ventro-dorsal  diameter  of  the 
aperture  in  one  specimen  measured  0.40  mm. 


^A' 


Fig.  3.j. 


This  pore  is  at  the  vertex  of  a 
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INTERNAL    ANATOMY. 


I 


Digestive  tract. — The  bluntly  pointed  cephalic  extremity  is 
pierced  by  the  more  or  less  circular  mouth  which  leads  directly  into  a 
very  muscular,  somewhat  p3'riform,oral  sucker.  In  cross  (transverse) 
section  the  outline  of  the  sucker  varies  in  different  specimens  from  an 
ellipse  to  a  circle.  The  oral  pole  of  the  sucker  extends  to  tlie  sur- 
face where  it  forms  a  ring  around  the  oral  aperture,  being  marked  off 
from  the  general  body  surface  by  a  narrow  more  or  less  deep  encircling 
groove  (fig.  40).  Inclosing  the  sucker  is  a  space  which  is  traversed, 
dorsally  and  ventrally,  by  dorso-ventral  strands.     At  the  esophageal 

end  the  sucker  is  attached  to 
the  body  parenchyma  so  that 
the  organ  is  anchored  at  both 
its  poles. 

TJie  lumen  of  the  sucker, 
when  studied  in  transverse 
sections,  is  circular  in  ontlinc 
at  its  oral  end,  becoming 
somewhat  spindle  shaj)ed  in 
the  equatorial  region ;  beyond 
this  region  the  lumen  at  first 
becomes  dorso-ventrally  con- 
tracted, forming  a  transveise 
slit;  this  eventually  becomes 
reduced  to  a  snuill  circular 
orifice  at  the  entrance  into 
the  esophagus.  It  is  fined 
by  a  thin  cuticle-like  layer, 
anatomically  continuous 
with  that  of  the  siuface,  and 
it  is  beset  by  small  more  or 
less  conical  papilla-;  these  papilla^  are  sparsely  scattered  in  the  region 
of  the  mouth  but  numerous  and  closely  aggregated  in  the  remaining 
portion  (figs.  37,  40).  From  its  origin  at  the  base  of  the  sucker  the 
esophagus  passes  caudo-dorsad ;  at  a  j)oint  a  little  less  than  one-fifth 
to  one-fourth  the  body  length  from  the  oral  margin  it  forks  into  tM'o 
intestinal  ceca.  The  esophagus  is  somewhat  shorter  than  (he  sucker. 
From  their  point  of  origin  the  intestinal  ceca.,  without  giving  off 
an}'  branches,  pass  at  first  latero-caudad,  then  having  reached  the 
dorso-lateral  region  of  the  botly  they  take  a  dorso-ventrally  wavy 
course  caudad  to  terminate  ventrad  of  the  corresponding  testis  at  or 
a  little  above  tlic  level  of  the  upper  mar<:in  of  the  acetabuhnn  (fig. 
36,41). 

The  lumen  of  the  esojdiagus  is  lined  by  a  thick  layer  of  cuticle. 
At  the  point  of  origin  of  the  intestinal  ceca  the  cuticular  lining  is 


Fig.  36. 


ii 
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■ft  /S.   ifo. 


replaced  by  a  nucleated  cell  layer  which  extends  throughout  the 
remaining  length  of  the  intestine.  ,  ,       ^i 

The  intestinal  ceca  do  not  appear  to  be  exactly  of  equal  length, 
nor  is  the  level  at  which  they  terminate  absolutely  fixed.  They 
may  terminate  at  the  level  indicated  or  somewhat  above  (cephalad 

of)  that  point.  ^    ,  •    .1 

Genital  system.— i/aZg  organs:  The  two  testes  are  situated  m  the 
same  transverse  zone  near  the  caudal  extremity  of  the  worm  at  or 
just  cephalad  of  the  level  of  the  anterior  (cephalic)  portion  of  the 
acetabulum,  and  separated  in  the  former  case  by  the  dome  of  the 
acetabulum,  ventrally,  and  the  excretoiy  vesicle,  dorsally,  and  m  the 
latter  case  by  the  excretory  vesicle  alone   (figs.  36,  41,  42).     Ihe 
testes  are  somewhat  compressed  laterally  and  their  margins  are  deeply 
indented,  the  indentations  marking  off  lobes  of  different  dunensions. 
Cephalo-ventrad 
each    is    in    relation 
with  the  correspond- 
ing    cecum.      From 
the  dorsal  aspect  of 
each  gland  arises  a 
vas    efferens ;    these 
two    ducts     take    a      '  ■'~ 
course  at  first  dorsad 
and    slightly   cepha- 
lad, then  toward  the 
median      line,      and 
unite   at    a   point   a 
little  above  the  level 

of  the  upper  margin  y\q.zi. 

of  the  testes,  to  form 

the  vas  deferens  (fig.  36).     The  vas  deferens  is  clearly  divisible  into  a 
vesicula,  musculosa,  prostatica,  and  ejaculatorius.     The  vesicula  may 
be  described  as  consisting  of  two  portions;  the  first  pursues  quite  a 
straight  course  cephalad,  close  under  the  dorsum,  about  in  the  median 
line,  close  to  the  dorsal  aspect  of  the  uterus,  and  with  rather  a  thick 
wall  proportionate  to  its  empty  contracted  lumen.     The  second  por- 
tion of  the  vesicula  forms  numerous  compact  coils,  its  walls  are  thin- 
ner, and  the  caliber  of  its  lumen  is  increased.     Farther  cephalad  the 
wall  changes  in  structure,  becoming  quite  muscular  (pars  musculosa), 
while  the  duct  still  forms  compact  coils;  the  cephahc  end  of  the  pars 
musculosa  turns  abruptly  ventrad,  the  duct  becomes  surrounded  by 
numerous  cells  and  loses  its  muscular  layer,  turns  sharply  cephalad, 
and  proceeds  as  the  pars  prostatica  toward   the  genital  pore,     it 
i    passes  ventro-cephalad  of  the  intestinal  arch,  runs  dorsaUy  ot  the 
j    metraterm,  ventrally  of  the  esophagus,  decreases  gradually  in  diam- 
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eter,  and  loses  its  prostatic  cells;  it  now  continues  as  the  ductus  ejacu- 
latorius.  The  latter  enters  the  genital  papilla,  and  unites  with  the 
metraterm  to  form  the  short  ductus  hermaphroditicus,  which  opens 
at  the  vertex  of  the  papilla  as  the  poiiis  hermaphroditicus  (fig.  35). 

Female  organs. — The  ovaiy  and  the  shell  gland  are  in  the  caudal 
portion  of  the  body,  but  further  than  this  considerable  variation  was 
observed  in  their  position  and  their  relation  to  each  other  and  to  the 
excretory  vesicle.  This  was  thought  to  be  dependent  in  part  on  the 
degree  of  distention  of  the  excretory  vesicle.  The  ovary  lies  imme- 
diately to  the  right  or  to  the  left  of  the  median  sagittal  plane,  cephalo- 
dorsad  or  dorsad  of  the  excretoiy  vesicle  and  somewhat  above  the 
level  of  the  superior  margin  of  the  acetabulum.     In  3  of  4  sectioned 

specimens  it  was  to 
the  left  of  the  me- 
dian piano;    in    the 
fourtli  it  was  to  the 
right.    In  3  of  the  4 
sj)ocim('ns  the  ovary 
was    close     to     the 
dorsal  portion  of  tlie 
coj)]ialic    asj)ect    of 
the  excretoiy  vesi- 
cle (fig.  35),  rather 
than  dorsallyof  the 
body  of  the  vesicle. 
With  respect  to  its 
relation  to  the  aco- 
tiibulum,    it   was 
found  that  while  in 
3  of  the  4  si)ecimens 
the  ovary  was  ceph- 
alad  of   the  dome   of    the    acetabulum,  witli   the   excretoiy  vesicle 
interposed    (fig.    36),    in    the    fourth    series   of  sections    the   ovary 
Was  distinctly  below  (caudad  of)  tlie  transverse  plane  of  the  superior 
margin  of  the  acetal)u]uin.     In   all   cases  it  was  distinctly    nearer 
the   dorsum  than    the   venter.     The    sliell    gland    lies   close    to    the 
right   or   to    the   left   and   moiv    oi'   less   ('e])halad    of  the  ovary,   in 
one  instance,  ccphalo-ventrad   of  l  h(>  ovary.     Both  organs  vary   in 
form  in  the  difTerent  sju'cimeiis;  I'orMhe  most  part  tliey  are  somewhat 
flat tened,  o])long  b()di(\s,  but    may   ai)])ear  ])yriform  ov  subglobular. 
The  ovaiy  is  som<>wliat   the  larger  of  the  two.     Fiom  the  aspect  of 
the  ovaiy  nearest   the  shell  gland  the  oviduct  arises  and  ])asses  to 
the  shell  gland,  which  it  penetrates.     Just  b(>fore  ent(>iing  the  latter 
it  gives  off  Laui-er's  eanaj.      In  tlie  shell  gland  it  is  at  ouc<'  joined  by 
the   vitello-duct;   th(>   eoimuon    duet    so    formed    then    dilates  some- 
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what  to  form  the  ootype  and  beyond  this  point  the  canal  is  continued 
as  the  uterus,  which  emerges  from  the  shell  gland  at  the  ventro-cephalic 
aspect      The  uterus  then  wmds  its  way  dorsad  over  the  shell  gland; 
a  coil  of  it  forms  a  loop  which  is  tucked  in  between  the  dorsum,  on 
the  one  hand,  and  the  shell 
gland  and  the  ovary  on  the 
other,  before   beginning  its 
course  cephalad.    In  thefirst 
part  of  its  course  cephalad 
it  is  included  between   the 
two    vasa    efferentia,    but 
passes  ventrad  beneath  the 
arch  formed  by  their  union 
to    gain  the  ventral   aspect 
of  the   vas   deferens.     It 
maintains    this   ventral   re- 
lution   to   the  vas  deferens 
and    its     terminal    portion, 
pars  prostatica,  etc.,  in  the 
remainder  of   its   course  to 
the  genital  papilla.     As  al- 
ready mentioned,  it  opens  near  the  vertex  of  the  latter  into  a  short 
duct  (ductus  hermaphroditicus)  common  to  it  and  the  ductus  ejac- 

ulatorius.  , 

Numerous  eggs  were  observed  filling  the  loops  here  and  there  and, 
near  the  shell  gland,  some  of  the  loops  contained  masses  of  sperma- 
tozoa. 

Laurer's  canal  passes  from  its  point  of  origin  dorso-caudad  to  open 

in  the  median  line  slightly 
below  the  upper  margin  of  the 
acetabulum  and  a  httle  above 
the  excretory  pore.  The  ca- 
nal is  long  and  slender ;  it  is 
Imed  by  a  thick  cuticle  in  an- 
atomical continuation  with 
the  cuticle  of  the  surface,  and 
its  lumen  may  contain  cells 
resembling  those  in  the  vitello- 
ducts.  Recei)taculum  semi- 
nis  is  wanting. 

The  vitelhiria  begin  in  a 
transverse  plane  somewhat  caudad  of  the  esophageal  bifurcation. 
At  first  there  are  a  few  smah  scattered  follicles  ventrad  of  the  intes- 
tinal ceca,  but  gradually  follicles  appear  which  are  larger  and  some- 
what more  numerous  and  scattered  close  around  and  ventraUy  of  the 
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Fig.  41. 


intestinal  ceca  and  ventral  pouch.  They  extend  caiidad  to  a  plane 
slightly  above  (eephalad  of)  the  termination  of  the  ventral  pouch* 
at  about  this  point  and  ventro-centrail  of  the  intestinal  ceca  the 
vitello-ducts  arise,  and  each  passes  niedio-dorso-caudad  or  caudad 

(between  the  testes);  the 
two  ducts  unite  about  in 
the  median  line  immedi- 
ately eephalad  of  the  ori- 
gin of  the  excretory  vesi- 
cle. The  common  duct 
thus  formed  j)asses  dor- 
sad toward  the  shell  gland 
and  j)ierces  the  caudal  or 
the  right  (?  or  in  some 
specimens  left)  lateral  as- 
pect of  this  gland  to  join 
the  oviduct  just  before 
the  latter  dilates  into  the 
ootype. 

Eggs. — The  eggs  are  oval  in  outline  and  jjrovidcd  with  a  small 
operculum  at  one  end.  Wo  found  some  difficulty  in  obtaining  tiieni  in 
a  condition  satisfac- 
tory' for  measurement. 

One     egg     measured  .J^^?^^'^VJ^^f,  ^^^^^^^  i 

112.5  by  60//.  ---    ^^^^r>^  <^v^SLJ^4^.:.^1^:<^  1 

Excretory  sys- 
tem.— ^The  excretory 
vesicle,  when  distend- 
ed, is  of  considerable 
size.  It  lies  inunedi- 
alely  above  the  ace- 
tabulum and  between 
the  two  testes.  Its 
ventro-dorsal  diame- 
ter is  about  ecpial  to 
the  corres])on(Hng  di- 
ameter of  the  ace- 
tabulum.     It  leceives 

oneitherside.atabout  Fig.  42. 

Its  veiitro-lateral  aspect,  a  large  excretory  canal,  which  mav  be 
observed  to  wind  its  way  from  the  cej)halie  portion  of  the  body 
caudad  on  the  ventro-lateral  aspect  of  the  coi  respoiuliuir  testis, 
then  beneath  the  latter  to  its  (h-stination.  From  the-  dor.so- 
cauthil  aspect  of  the  vesicle  a  thick-walled  canal  arises,  which  after  u 
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short  course  caiulo-dorsad  opens  on  the  dorsal  surface  at  the  excre- 
tory pore  a  Httle  below  the  opening  of  Laurer's  canal  (fig.  35). 

ILLUSTRATIONS. 

Pj(.        33.— External      appearance,      ventral      view.     Enlarged. 

Original.  .  „  ,  , 

Fig.       34.— External      appearance,      ventral      view.     Enlarged. 

Original.  .  ,       .        •   ^         i  + 

Pig  35  —Diagrammatic  sagittal  section,  sho^ang  internal  anat- 
omy ac,  acetabulum;  d.  e.,  ductus  ejaculatorius;  d.  K  ductus 
hermaphroditicus;  es.,  esophagus;  es.  f.,  esophageal  fork;  ex  f., 
excretory  pore;  ex.  v.,  excretory  vesicle;  i.,  intestinal  ceca;  L.  c, 
Laurer's  canal;  o.  s.,  oral  sucker;  p.  m.,  pars  musculosa;  p.  p.,  pars 
prostatica;  s.  g.,  shell  gland;  s.  pap.,  surface  papiUa^;  y.  e.,  vasa  etier- 
entia;  v.  p.,   ventral   pouch;  v.  s.,   vesicula   semmahs;  ut,   uterus. 

Enlarged.     Original.  ,        ,. 

Fkj    36  — Diao-rammatic  frontal  section  shows  internal  anatoni}  . 

a   p.,  position  of  genital  pore;  ex.  c,  excretory  canals;  ot'     ovary; 

?    testes      Forotherabbreviationsseefig.35.     Enlarged.     Original. 
'  Fig   37  —Transverse  section  at  level  of  aperture  of  ventral  pouch. 

Shows  form  of  body,  aperture  of  ventral  pouch  {a.  v.  p.),  oral  sucker 
(o.  s.),  papilla  of  suctorial  lumen  {pap.  o.  s.),  ana  the  perisuctorial 

space  \p.  s.  sp.).     Enlarged.     Original.  ,,,,,.         -,  i 

Fig    38.-Transverse  section  slightly  caudad  of  level  of  genita 
pore      Shows  form  of  body,  triangular  outline  of  ventral  pouch  {v.  p.) 
at  this  level  the  intestinal  ceca  (i.)  and  their  relation  to  the  ventral 
pouch,  to  pars  prostatica  {p.  p.)  and  uterus  (ut.)    excretory  canals 
{ex.  c.)  and  vitellaria  {v.  g.).     Enlarged.     Original. 

Fig  39 -Transverse  section  at  about  the  junction  of  the  second 
with  the  equatorial  fifth  of  the  body  length.  Shows  form  of  body, 
irregularly  pentagonal  form  of  ventral  pouch  (..  p.),  intestma  ceca 
(i),    vesicula   seminalis   (..  ..),    uterus   {ut.),   and    vitellaria   (r.  g.) 

Enlarged.     Original.  •       .     •  i 

Fig  40  -Sagittal  section  showing  oral  sucker  (o.  s.),  perisuctoria 
space  '{p.  s.  sp.),  mesenterium-like  strands  (m.  h.),  esophagus  (.s.),  and 
a])erture  of  ventral  pouch  {ap.  v.  p.).     Enlarged.     Original 

Fig  41 —Transverse  section  immediately  cephalad  of  superior 
margin  of  acetabulum  shows  the  laterally  placed  testes  (j.)  sepamted 
by  the  excretorv  vesicle  {ex.  v.)  and  the  position  and  relation  of  the 
(caudal  portion  of  the)  ovary  {ov.),  uterus  {ut.)  vasa  efferen  la 
(..  ,.),  intestinal  ceca  (i.),  transverse  vitello-ducts  (  .  vd^  and  caudal 
terminal  portion  of  ventral  pouch  (v.  p.).     Enlarged.     Onp^'^ 

Fig  42  -Transverse  section  immediately  below  supenoi  ma  gin 
of  acetabulum.     Shows  the  laterally  placed  testes  {t.)  separated  by 
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the  acetabulum  (ac.)  ami  excretory  vesicle  (ex.  ?'.).  Shows  also  the 
shell  gland  (s.  g.),  uterus  (ut.),  and  common  vitello-duct  (c.  vd.). 
Enlarged.     Original. 

Family  PARAMPHISTOMID^  Fischceder,  1901,  restricted. 

Family  diagnosis. — Paramphistomoidea  (p.  15):  "\'entral  pouch  absent. 
Type  genus. — Paramphistomum  Fischoeder,  1901. 

The  family  Paramphistomidx  Fischoeder,  1901,  is  here  restricted  to 
the  forms  without  a  ventral  pouch.  Our  work  is  based  ])riniarily 
upon  the  ami)histomes  of  mammals,  but  it  seems  not  entirely  excluded 
that  further  study  of  the  ami)histomes  of  other  vertebrates  may  result 
in  a  further  restriction  of  the  family  to  forms  in  which  the  oraf  sucker 
is  without  an  evagi nation. 

Fi-sclurder  (1901a),  in  writing  upon  species  found  in  mammals, 
recognized  2  subfamilies  for  Paramphistomidsc ,  namely,  Paratnjikis- 
tomirne  and  CladorcJnnse.  Cohn  (1904),  in  dealing  with  sj^ecies  found 
in  amphibians  and  reptiles,  recognized  the  subfamily  iJiplodiscinx 
for  three  genera,  but  he  did  not  compare  his  forms  with  the  forms 
discussed  by  Fischoeder.  Daday  (1907)  later  desciibod  forms  from 
fish,  classifying  some  of  them  near  some  of  the  forms  described  by 
Fischoeder,  others  in  Diplodiscns,  but  he  did  not  enter  into  a  discus- 
sion of  the  classification  of  the  subfamilies.  Disiegaiding  the  new 
genera  proposed  in  the  present  j)ai)or,  tlie  classiiication  stands  at 
present  as  follows : 

Parumphistomida'  Fischcrder,  1901. 

I'aramphistoinvuv  Fischcrder,  1901. 
Paramphi.slomum  Fi.scho'der,  1901. 
Shpha7iophar!/nxFischa?deT,  1901. 
Gaslrothylax  Poirier,  1883. 
Cladorchihur  Fischoeder,  1901. 
Cladorchis  P'isch coder,  1901. 

Subg.  Cladorchis  Fischcvder,  1901. 
Subg.  rfuorcZ/Vs  Fisdui'der,  1901. 
Subg.  Slichorchis  Fischaxler.  1901. 
Microrchis  Daday,  1907. 
PseudocUidorchis  Daday,  1907. 
PscudodiscuH  .Sunsiiio,  1895. 
Gaslrodi^cus  Leuckart,  1877. 
Homnlogaslcr  Poirier,  1883. 
Diplodisciiur  Cohn,  1904. 

LHpludunts  Diesing,  1836. 
Caladisnts  Cohn,  1901. 
Opi.ithodisriis  Cohn,  1!)0I. 
Sulifarnily  not  given. 

lialaiiorcfiis  p-isch coder,  1!U)1. 

W  hen  \vr  consider  the  status  of  this  group  ])ri()r  to  I'lOl.  the  great 
advance  in  ...ir  kn()wh«dg(>  which  we  owe  to  Fisch(C(h«r  must  bo 
iiunKMhntcly  rccogiiiz.'d.and  I  his  advance  has  been  further  supi.orted, 
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especially  by  Cohn  and  Daday.  That  the  classification  as  it  now 
stands  is  not  final  lies  in  the  nature  of  things;  and  on  account  of  the 
fact  that  definite  data  are  lacking  in  the  case  of  many  species  it  must 
be  expected  that  in  the  future  rather  radical  changes  may  perhaps 
be  necessary.  In  the  immediate  future,  changes  are  more  or  less 
experimental,  though  they  may  appear  justified. 

Gastrothylax  should,  we  believe,  be  placed  in  a  separate  famdy 

(see  p.  16).  _     .        . 

SteplianopJiarynx  presents  such  a  striking  character  in  its  cncular 
evagination  of  the  oral  sucker  that  it  seems  wise  to  separate  it  entirely 
from  Paramphistominx;  but  if  left  in  this  subfamily,  it  should  at  least 
be  placed  in  a  tribe  distinct  from  ParampUstomum. 

Gastrodiscus  and  Homalogaster  are  so  different  from  the  other 
members  of  CladorcUinse  that  they  should  either  be  placed  in  a  distinct 
subfamily  or  in  a  distinct  family. 

Diplodiscinx  will  probably  be  justified  as  a  distinct  su])family,  or 
at  least  as  a  distinct  tribe,  but  further  data  are  desirable  in  regard  to 

its  genera. 

BalanorcUs  is  placed  with  difficulty.  It  probably  represents  a 
distinct  subfamily;  if  classified  in  Cladorchiinse,  it  should  represent  a 
distinct  tribe. 

It  is  exceedingly  difficult  at  present  to  draft  a  key  representing  the 
natural  relations  of  members  of  this  family,  but  the  following  key, 
admittedly  more  or  less  artificial,  will  be  found  of  use  in  tracing  the 
genera.       This  key  is  based  primarily  upon  the  type  species: 

Key  to  the  Knowk  and  New  Genera  op  Paramphistomidae  s.  str. 

AK  Oral  sucker  without  evagination  [this  probably  represents  a  distinct  subfamily 
Paramphistominx,  p.  62];  cirrus  pouch  absent;  body  not  divided;  ovary  not 
pre  testicular  [eventually  these  may  be  tribal  or  sub  tribal  characters]: 

B'.  Genital  sucker  absent;  type  cm>i Paramphistomum,  p.  73. 

[For  subgenera,  see  p.  74.] 

B-.  Genital  sucker  present;  type  cotylophorum Cotylophoron,  p.  63. 

yl-.  Oral  sucker  with  evagination: 
B\  Evagination  circular  [this  will  probably  prove  to  be  of  supergeneric  value,  indi- 
cating a  sub  tribe  or  tribe,  probably  a  subfamily,  Stephanopharynginx];  genital 
sucker  and  cirrus  pouch  absent,  body  not  divided  [these  characters  will 
probably  prove  to  be  supergeneric];  type  compactus. 

Stephanopharynx,  p.  168. 
B*.  I<:vagination  paired  [if  of  subfamily  value,  this  unites  Cladorchiinx  and  Diplo- 
dlscimr  in  one  subfamily;  later  investigations  may  show  that  these  groups 
can  be  separated  on  the  excretory  system,  cf.  Diplodiscus]: 
C.  Genital  sucker  present;  testes  clearly  branched: 
D'.  Vitellaria  entirely  posttesticular;  testicular  zones  coincide,  preequatorial, 
widely  separated  from  acetabulum,  fields  separate;  uterus  of   unusual 
course,  first  runs  near  dorsum  cephalad  to  testes,  then  diagonally  caudad 
near  venter,  then  cephalad  near  venter  to  pore;  type  schistocotylc. 

Taxorchis,  p.  170 

D-.  Vitellaria   nut   entirely  ]K)sttesticular;  testes  in   equatorial    third;  uterus 

not  as  in  Taxnrclns;  type  pyri/ormis Cladorchis.  p.  169, 
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<y.  Genital  sucker  absent;  testes  lobate  or  lobulate: 
D^.  Cirrus  pouch  absent: 
EK  Each    oral    evagination    single    (only    pouch    present),   type    iratsoni.     \ 

Watsonius,  p.  212.     ; 
E^.  Each  oral  evagination  double  (pouch  and  bulb  present),  type  stanleyii.-    J 

Pseudodiscus,  p.  170.     j 
D*.  Cirrus  pouch  present  [perhaps  in  part  a  special  subfamily,  see  Diplodiscinx 

p.  247]:        •  '  '     \ 

E^.  Acetabulum  divided  into  two  parts  by  constriction;   one  testis  present;     ] 

esophagus  with  muscular  swelling  at  bifurcation;  type  doUrhocotyh.     \ 

Catadiscus,  p.  248.     j 
E*.  Acetabulum  with  central  projecting  sucker;  two  testes  present;  esoph-     I 
agus  without  muscular  swelling;  type  diploducoidcs. 

Opisthodiscus,  p.  248. 

E\  Acetabulum  cavity  with  prominent  papillae;  excretory  system  does  not     | 

enter  acetabulum;  testes  preovarial,  at  least  not  postovarial;  evagina-     j 

tions  of  sucker  well  developed,  at  least  not  confined  to  wall;  esophagus     i 

without  pronounced  muscular  thickening;  testicular  zones  coincide;      ; 

excretory  pore  vesicular,  type  papillatus Pfendcrius,  p.  232. 

£*.  Acetabulum  otherwise: 
F\  Excretory  system  branches  radially  in  acetabulum  [perhaps  special      i 
subfamily  Diplndiscin:r,  with  IHplodiscus,  Catadiscus,  Opisthodiscus];      | 
testes  coalesce  in  adult;  esophagus  with  muscular  swelling  at  bifur-      '< 

cation ;  type  subclaratus Diphdiacus,  p.  248.      j 

F-.  Excretory  system  docs  not  appear  to  enter  acetabulum: 
G'.  Testes  postovarial,  portuterine,    postequatorial;   type  anastrophus. 

,,,    _,  Kalanorchis,  p.  247. 

0-.  Testes  preovarial,  at  least  not  ])ostovarial: 

//'.  Evaginutions  of  sucker  not  well  developed,  confined  to  wall  of 

sucker;  sucker  with  two  phincters;  type  cylindricus. 

J^scudocladorc/iis,  p.  232. 

//-.  Evaginations  of  sucker  well  developed,  at  least  not  confined  to 

wall;  sucker   with   one   sphincter;   esophagus    with    muscular 

(hickening;    testicular    zones    separate;    excretory    pore    ])re- 

vesicular: 

/'.  Testes  nut  lobate;  excretory   pore   eciuatorial;  type   mcgacotylc. 

Microrchis,  ]).  246. 

/-.  Testes   4-lobate;  excretory    pore   postequatorial,    posttesticular, 

with  jiowerful  sphincter;  \y\H\fahacrus Chinrchis,  )).  24(i. 

Subfamily  PARAMPHISTOMINiE,  restricted. 

SUBI-'AMM.Y  uiAv,Noais.~]'(inimp}iisloiuid;c  {]).  (iO):  C)nil  sucker  witiiout  cvagiiiation. 
Tvi'E  (JKNUs.     Paramphistnmuiii. 

Thci-c  scfMiis   (>v(MT    indication    that    tlu<   ^^Vi)u\)   Iumc   (Icliiicd    wjli 
fi'pi-cscnt  a  siiM'aniily. 

Additional  characters  for  the  two  known  genera  are:  Cirrus  pouch  al)scnt.  ovary  not 
j)retc,sticular,  excretory  system  does  not  enter  acctalHiliiin. 

As  iidditionnl  jj:(>n(>ia  Ix'coinc  known,  (lu>s(>  cliaiacicis  may  result 
in  dividinjjj  the  sid)raniily  into  tril)(<s  and  sid)t filx's. 

T]w  l\V()kno\vn<;(>iuM-anmy  easily  !)(>  dist  in^Miislied  as  lollows: 

(J(M.italsuckcral)sent;  typercrn" r,in„>,i>lii,il,>mu,n,  p.  7;}. 

Genital  sucker  present;  type  cotylophorum Colylophoron,  p.  63. 
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COTYLOPHORON,  new  genus. 


Generic  diagnosis.— Param/j/iisiomma?  (p.  62):  Esophagus  with  or  without  mus- 
cular thickening;  ceca  long,  wavy,  end  in  acetabular  zone.  Acetabulum  of  moder- 
ate size,  terminal,  tilts  ventrad.  Excretory  vesicle  and  canal  directed  cephalad; 
excretory  pore  prevesicular.  Genital  sucker  present,  genital  papilla  present,  ventral 
chamber  of  genital  atrium  absent. 

Male  organs:  Testes  smaller  than  acetabulum,  lobate,  immediately  preacetabular, 
zones  overlap  slightly,  fields  nearly  coincide,  crossing  median  line. 

Female  organs:  Ovary  ventral  of  excretory  vesicle;  Laurer's  canal  crosses  excretory 
vesicle;  its  pore  opens  caudad  and  laterad  of  excretory  pore,  in  acetabular  and  vesicular 

zones. 
Type  species.— Cotylophoroncotylophorum  (Fischceder,  1901). 

Thus  far,  two  easily  separated  species  may  be  classified  in  this 
genus.     They  are  distinguished  as  follows: 

Esophageal  muscular  thickening  present;  genital  pore  bifurcal;  body  5  to  8  mm.  long; 

type  hosts:  Bos  taurus,  Togo;  Bos  taurus  indicus,  German  East  Africa. 

C.  cotylophorum,  p.  63. 
Esophageal  muscular  thickening  absent;  genital  pore  postbif ureal ;  body,  4.3  to  5.5 

mm.  long;  type  host:  Ovis  aries,  India C.  mdicum,  p.  63. 

Species  COTYLOPHORON  COTYLOPHORUM  (Fischoeder,  1901)  Stiles  &  Goldberger,  1910. 

1901:  Paramphistomum  cotylophorum  Fischoeder,    1901a,   370  (stomach   of  Bos 

taurus,  Togo;  Bos  zebu,  German  East  Africa). 
1909:     Cotylophoron    cotylophorum    (Fischceder,    1901)    Stiles     &    Goldberger, 
1910a,  63.     For  full  bibliography,  see  Stiles  &  Hassall,  1908,  Index  Cata- 
logue, etc.,  Trematoda. 

COTYLOPHORON  INDICUM,  new  species. 
[Figs.  43  to  52.] 

Specific  diagnosis. —Cotylophoron  (p.  63):  Body  4.3  to  5.  5  mm.  long  by  1.5  to 
2  mm.  broad;  color  (in  glycerine  alcohol)  faint  brown  tint;  slender,  conical  in  form, 
greatest  breadth  near  caudal  extremity;  tapers  to  bluntly  pointed  oral  extremity; 
longitudinal  axis  curved,  concavity  ventrad;  dorsum  convex  longitudinally  and 
transversely,  venter  concave  longitudinally,  convex  transversely;  lateral  margins 
slightly  excurvate  longitudinally,  convex  dorso-ventrally;  transverse  section  elliptical. 

Surface  without  spines  or  papillse  except  possibly  at  oral  aperture  which  may  (?)  bear 
minute  papilla.  Genital  pore  distinctly  postbifurcal,  on  vertex  of  slight  but  not 
sharply  detiued  bulging  about  one-third  of  body  length  from  oral  pole,  and  surrounded 
by  genital  sucker.  ^Acetabulum  caudal,  sunken  so  that  apparent  aperture  is  formed 
by  body,  margin  not  projecting,  1.14  mm.  in  dorso-ventral  diameter,  aperture  tilted 
somewhat  ventrad,  0.6  mm.  in  diameter,  muscular  dome  0.24  mm.  thick.  Mouth  at 
blunt  cephalic  extremity;  oral  sucker  pyriform  in  sagittal  section,  its  lumen  papillate, 
narrow  dorso-ventrally,  rather  broad  transversely;  maximum  measurements  of  sucker 
0.52  mm.  long,  0.42  mm.  in  dorso-ventral  and  0.6  mm.  in  transverse  diameter;  peri- 
suctorial  space  roomy ;  esophagus  about  two-thirds  as  long  as  sucker  and  curved  slightly 
ventrad ;  ceca  arise  from  dorso-lateral  aspects  of  end  of  esophagus,  slightly  less  than 
one-fourth  the  body  length  from  oral  extremity,  at  first  forming  with  each  other  a  very 
acute  an^le  they  approach  the  lateral  margins  of  body,  then  extend  caudad  in  well- 
marked  dorso-ventrally  wavy  course  to  terminate  about  ;1  of  body  length  from  mouth, 
postovarial,  in  acetabular  zone,  the  left  cecum  ending  slightly  caudad  of  the  right; 
ceca  of  relatively  considerable  caliber.  Excretory  pore  dorso-median  about  at  junc- 
tion of  equatorial  with  caudal  third  of  body,  about  0.16  mm.  cephalad  of  acetabulum, 
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cephalad  of  caudal  margin  of  caudal  testis  and  about  0.56  mm.  cephalad  of  pore  of  < 
Laurer's  canal;  excretory  canal  short,  thick  walled,  runs  caudo-ventrad  to  well-devel- 
oped elongate,  slightly  bag-.«haped  vesicle,  the  fundus  of  which  is  close  to  dome  of 

acetabulum,  intercecal,  at  end  of  ceca.  -! 

Male  organs:  Testes  large,   but  somewhat  smaller  than  acetabulum,   irregularly  i 

globular,  lobate,  in  median  line,  cephalad  of  acetabulum,  intercecal,  fields  nearly  ] 

coincide,  zones  overlap;  union  of  vasa  efferentia  slightly  cephalad  of  cephalic  testis*  j 

vaa  deferens  coiled;  its  vesicula  seminalis  much  coiled,  dilated;  pars  musculosa  not  i 

coiled,  narrow;  pars  prostatica  aV)out  as  long  as  musculo,sa,  directed  ventrad;  ductus  i 

ejaculatorius  short,  unites  with  metraterm  to  form  ductus  hermaphroditicus,  which  1 

Ls  19o/(  long  and  opens  at  porus  hermaphroditicus  on  vertex  of  cylindrical  genital  '. 

papilla,  which  is  lOo/i  long,  75/x  in  diameter;  the  latter  almost  fills  a  c-hamber  lOo/i  ^ 

deep,  105/(  in  diameter;  this  in  turn  is  surrounded  by  a  hemispherical,  sharply  defined,  I 

muscular  genital  sucker.  ' 

Female  organs:  Ovary  and  shell  gland  in  testicular  to  posttesticular  zones,  inter-  ] 

cecal,  sinistral,  close  to  acetabulum  in  cephalic  portion  of  acetabular  zone,  shell  gland  I 

in  ovarian  and  postovarian  zones;  vitellaria  with  sparse  and  scattered,  but  well-devel-  j 

oped  follicles,  chiefly  extra-cecal,  extending  throughout  cecal  zone  and  slightly  post-  • 

cecal;  a  few  follicles  enter  also  the  cecal  and  intercecal  areas;  uterus  extends  from  I 

ventral  pole  of  shell  gland,  runs  cephalo-ventrad,  forming  coils,  turns  dorsad,  skirting  i 

the  left  lateral  ixspect  of  the  caudal  testis,  turns  cephalad  dorsally  of  this  testis,  pa.>*se8  j 

dorsally  of  both  testes,  ventrad  over  cephalic  margin  of  cephalic  testis,  under  arch  of  j 

vasa  efferentia,  cephalad  again  ventrally  of  vas  deferens  to  penetrate  genital  sucker  i 

caudad  of  penetration  of  male  duct,  and  unites  with  latter  in  wall  of  genital  sucker  to  j 

form  the  ductus  hermaphroditicus;  Laurer's  canal  passes  from  oviduct  in  a  curve  I 

(convexity  cephalad)  dorsally,  crossing  on  left  aspect  of  excretory  vesicle  to  left  of  i 

dorso-median  line  and  opens  dorsally  of  excretory  vesicle,  about  0.56  mm.  caudad  of  I 

excretory  ijore.  ; 

Eggs:  Not  observed.  ■ 

Tvi'E.— U.S. N.M.  5781.                                                                                                         j  I 

H.MHTAT.— In  (?  organ  of)  sheep,  Ovis  aries,  India.                                                           !  I 

Source  of  material. — Six  specimens,   in  l)ottle  of  \ho   Ilassall  \ 

Collection    bearing    the    Smithsonian    number    5781,    were    lahelc'd:  : 
"  Amphistoma  conicumf'  host,  Ovies  aries;  locality,  India:  ])ivsente(l 
May  19,  ISSG. 

EXTERNAL    CHARACTERS, 

Size. — The  specimens  (in  glycerine  alcohol)  varied  in  Iciii^tli  from  j 

4.3  to  r^J)  mm.  and  in  width  from  1.5  to  2  mm.  ' 

Color. — The  specimens  in  glycerine  alcoiiol  nw  of  a  faint   brown 
tint. 

Foinr. — The  worms  are  of  a  slender  conical  form,  broatlest  near  the 
caiulal  extremity  and  tapering  to  a  bluntly  pointetl  attenuated  oral  | 
extremity.     The  longitudinal  axis  is  more  or  less  curved,  w  ii  li   the  i 
concavity  directed   ventrad.     The  dorsum  is  convex   longitudinally  j 
and  transversely;  the  venter  is  concave  m  the  longitudinal  direction,  I 
but  convex  transversely,  its  convexity  being  less  marked,  however, 
than  the  corres])onding  convexity  of  the  dorsum.     The  lateral  mar- 
gins are  slightly  excurvate  in  the  longitudinal  direction  and  eonvi^x  ' 
dorso-vent rally.     In   transverse  section   the   body  of  the   moiiu   is  \ 
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elliptical  in  outline,  with  a  somewhat  greater  transverse  than  dorso- 
ventral  diameter. 

Surface. — The  general  cuticular  surface  is  smooth;  that  is,  unpro- 
vided with  spuies  or  papillae.  Around  the  oral  aperture  some  minute 
papillte  may  be  present,  but  this  could  not  be  deter- 
mined with  certainty. 

Genital  i^ore. — In  the  median  sagittal  line  of  the 
venter,  about  one-third  of  the  worm's  length  from 
the  oral  extremity,  there  is  the  genital  pore.  It  is 
situated  at  the  vertex  of  a  slight  but  not  sharply 
defined  ventral  bulging. 

Acetabulum.— "This  is  m  the  caudal  extremity,  wdth 
a  terminal  though  a  more  or  less  ventrally  tilted  aper- 
ture. The  rim  is  sunken  or  more  or  less  retracted  be- 
neath the  inclosing  body  surface  (fig.  45),  so  that  the 
(apparent)  aperture  is  formed  by  the  inclosing  paren- 
chyma. Measured  from  a  projection  of  one  sectioned  specimen 
(which  measured  3.9  mm.  in  length),  the  maximum  dorso-ventral 
diameter  of  the  acetabulum  was  1.14  mm.  and  of  its  aperture  0.60 
mm.,  with  a  thickness  of  dome  of  about  0.24  mm. 

INTERNAL    ANATOMY. 

The  following  description  of  the  internal  anatomy  is  based  on  a 
series  of  transverse  sections  of  one  specimen  (5781a)  which  measured 
3.90  mm.  in  length,  1.66  mm.  in  greatest  transverse  and  1.42  mm.  m 
greatest  dorso-ventral  diameter  as  measured  from 
projections  made  from  the  sections. 

Digestive  tract. — The  mouth,  which  pierces  the 
blunted  cephalic  extremity,  leads  directly  into  the 
oral  sucker.  The  latter  is  muscular  and  of  a  pyri- 
form  outlme  as  viewed  in  median  sagittal  section. 
Its  maximum  dimensions  as  measured  in  projection 
of  a  series  of  transverse  sections  are:  Length,  0.52 
nun.;  dorso-ventral  diameter,  0.42  mm.;  transverse 
diameter,  0.60  mm.  Its  attenuated  pole  presents 
the  aperture  of  the  mouth  and  is  marked  off  from 
Fig.  44.  the  oral  surface  by   a  narrow  encircling  groove   (fig. 

45).  Its  ])road  blunt  base  gives  origin  to  the  esophagus.  A  roomy 
space  incloses  the  body  of  the  sucker  (fig.  47).  The  lumen  of  the 
sucker  is  a  dorso-vent rally  narrow  but  transversely  a  rather  broad 
space;  it  is  lined  with  a  cuticle  which  is  beset  with  short  conical 
papilla?. 

13893— Bull.  GO— 10 5 
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The  esophagus,  from  its  point  of  origin  at  the  base  of  the  sucker, 
passes  caudad  for  a  distance  equal  to  about  two-thirds  the  length  of 
the  sucker,  where  it  gives  off  the  intestinal  ceca  from  both  doi^so- 
lateral  aspects.  The  esophagus  describes  a  slight  curve  ventrad. 
Its  walls  are  thick  and  its  lumen  is  lined  with  a  thick  cuticular  layer. 
Dorsally  of  tlie  first  part  of  the  esophagus  there  is  a  transverse  nen'ous 
cord  (fig.  45). 

The  intestinal  ceca  take  their  departure  from  the  esophagus  at  a  point 
sUghtly  less  than  one-fourth  the  body  length  from  the  oral  extremity. 
At  tlieir  origin  they  form  a  verj^  acute  angle  one  with  the  other.  The 
ceca  at  first  approacli  the  lateral  margins  of  the  body,  then  pass 
caudad  in  a  well-marked  dorso- vent  rally  w&vy  course,  to  terminate 
cecally  at  about  the  junction  of  the  fifth  with  the  caudal  sixth  of  the 
body  length;    the  right  intestinal  cecum  terminates   at  a  sliglitly 

higlier     (more     ce- 

,lf  ])halic)    level    than 

the  loft.  The  ceca 
are  of  relatively 
considerable  calib(>r 
and  are  lined  by  a 
layer  of  epithelium. 
Genital  sys- 
,  TEM.  —  Male  or- 
gans.— The  t  wo 
testes  are  in  the 
axial  region  of  the 
l)ody,  one  caudiid 
of  the  otiicr,  but 
the  caudally  placed 
testis  I )  resell  Is  a 
cephalic  lobe  which  ovcilaijs  the  caudal  portion  of  the  right  ventro- 
lateral asjx'ct  of  the  ce])halic  testis.  The  two  testes  occupy  a  zone 
iinnie(liat<'ly  ceplialad  of  that  of  th(>  acetal)ulum  and  e(|ual  to  one- 
fourth  of  tii(>  body  length  of  the  woiin.  The  testes  are  irregularly 
globular  in  form  and  are  indented  hy  lissures  nuirking  oil  nunKMous 
lobes  on  their  surface.  Each  testis  gives  origin  to  a  vas  eU'eicns; 
thai  from  the  cephalic  testis  springs  from  its  left  (husal  aspect 
(fig.  AU),  while  that  of  the  caudal  testis  springs  from  its  doi-so- 
cej)halic  aspect  (fig.  51).  The  vas  from  the  cephalic  testis  at  first 
l)asses  ceplialad  close  to  the  left  lateral  asjiect  of  the  testis  from  which 
it  springs,  later  it  ]iasses  cephalo-dorsad  and  towai'd  the  mcilian  line, 
arching  over  the  testis  and  the  uterus  to  unite  with  its  fellow  of  the 
right  side  (from  the  caudal  testis)  to  form  tlu^  vas  deferens.  The 
right  vas  e(fei-ens,  after  its  origin  from  tlu^  caudal  testis,  passes  at  fii^st 
to  the  right  and  ce])halad  (doi-sallv  of  the  cej)halie  lobe  of  the  caudal 
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testis)  to  gain  the  right  lateral  aspect  of  the  cephaUc  testis  at  some 
U.ht  distance  from  which  it  ascends  cephalad,  eventually  arclnng 
over  the  cephalic  testis  and  the  uteras  to  umte,  as  already  described,  in 
forming  the  vas  deferens.     The  fii-st  part  of  the  vas  deferens  is  a  much 
coiled   thin-walled,  dilated  duet  (vesicula  semrnalis),  distended  «tl 
snerm'atozoa.     Tliis  is  abruptly  succeeded  by  a  narrow,  tlucker,  and 
more  muscular  walled  uncoiled  part  (pars  museulosa)   which  ascends 
cephalad  for  a  short  distance,  when  it  in  turn  is  succeeded  by  a  portion 
thich  is  inclosed  in  a  thick  layer  of  cells.     This  portion  (par  prosta- 
tica)  passes  directly  ventrad,  and  after  a  course  aboxit  equal  in  length 
o   he  museulosa  it  penetrates  the  genital  sucker.     Here  the  prosta  ic 
cells  cease  and  the  continuation  of  the  duct  may  be  regarded  as  the 
ductus  ejaculatorius.     This  joins  near  the  base  of  the  gemtal  papilla 


with  the  terminal  portion  of  the  uterus  to  form  the  ductus  hernia- 
pliroditicus  which  is  19.5,,  long  and  pierces  the  axia    «?'»"  f  *« 
genital  l^apilla.     Tlie  copulatory  apparatus  presents  the  S^^^f^o^^ 
Fn  the  median  line  of  the  venter  at  about  the  junction  of  the  e*phahc 
with  the  equatorial  third  of  the  body  and  considerably  caudad  of  the 
esophageal  fork  (figs.  4.5,  48).     This  pore  leads  into  a  cyhndrica 
chamber  105,  in  depth  and  about  105;,  in  diameter,  that  is  ahnost 
entirely  filled  by  a  cylindrical  gemtal  papilla  wluch,  arising  from  the 
dorsalwall  of  the  chamber,  projects  forwar.l  (ventra.l)  into  it.      ihe 
papilla,  measured  in  transvei-se  section,  was  75,<in  diame  er  and  105, 
in  len.'th.     Inclosing  this  genital  atrium  is  a  muscular  mesh  presenting 
somewhat  the  form  of  a  hemisphere  and  in  outline  suggestive  of  a 
sucker     The  genital  atrium  may  be  regarded  as  the  cavity  of  the 
sucker  and  the  genital  pore  as  its  aperture.     It  presents  a  sharply 
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defined    limitin<r    layer    delimitincr    it    from    the    body    parenclivma 
(fifj.  48). 

Ferruile  organs.— The  ovary  is  in  the  caudal  portion  of  the  body  to 
the  left  of  the  median  sagittal  plane,  close  to  the  dome  of  the  acetabu- 
lum and  immediately 
caudad    of    the    ce- 
phalic margin  of  the 
acetabulum.       The 
oyiduct  takes  origin 
from  the  doi"sal   as- 
pect of  the  ovary  and 
a  t  fii-st  passes  directly 
c  a  u  d  a  d .     It    then 
bends  and  passes  to 
the  right  toward  the 
shell  gland,  which  it 
penetrates,  but   giv- 
ing oil"  r.aurcr's  canal 
just  before  it  does  so. 
Immediately  after  entering  the  shell  gland  it  unites  with  the  common 
vitello-duct  to  form  a  fusiform  oot^^:)e,  which  is  directed  (.l)li,,uely 
from  the  left  and  dorsally  to  the  right  and  ventrally  to  be  continueil 
as  the  uterus.     Laurer's  canal  passes  doi-sad  close 'to  the  l(>ft  asjx'ct 
of  the  excretory  vesicle  to  reach  the  dorsum  at  a  point  to  the  lel'l  of 
the  median  line  and 
about  0.56  mm.  cau- 
dad of  the  excretoiT 
pori". 

Th(>    shell    gland 
lies  in  close  a|)posi- 
tion  to  the  right  side 
of  the  ovary;  their 
zon(>s  are,  however, 
not    identical    but 
overlap,  that   of  lli(> 
ovary  being  a  little 
the    more  ce|)halad 
of  IIk'  t  \v().     On  ac- 
count of    this   rela- 
tion to  the  ovarv,  the  shell  gland   hVs   jnst   to  the  left   .,f  the  median 
sagUtal    plane    a„.|    .,f    ih..    ex.Tetorv    vesicl.>,  uhi.h    at    this    level    is 
crowded   ov<M-   to    th<>    right.      As   alreadv   stated    the  shell    -daiid    is 
P''"<'|'-',ted  by  the  ovidu.-f.  the  point  of  penetration  correspomlin.^  to 
^'."'  ;  '•7'  I'"'-'  "•'  ""•  .^l-""!-      il   is  also  penetrated  bv  the  eonunon 
vitello-duei.th.' point  ..f  penetration  l.<Mng<-los(>  to  but  a  lit  t  !<•  ean.la.l 


ri<i.  .in. 


i 


71 

of  the  point  of  penetration  of  the  oviduct.     The  uterus  emerges  from 
its  .  ntrl"  pol^,  being,  as  ah-eady  described,  a  continuation  of  the 

siform  oo^ype      Immediately  after  emerging,  the  uterus   ascends 

c  pha™l  for^ngsome  coils  close  to  the  right  ventro-lateral  aspect  of 

le  ova  y,  and  ascending  further  ventro-cephalad  ,t    orms  some  cods 

recUy  c  ph-l-d  of  the  acetabulum  and  ventrad  «*  *«  ?'^""-»:^7;i 
a  '  ect  of  the  cau.lal  testicle.  It  now  turns  dorsad,  sfartmg  the  left 
hte' al  a  pect  of  the  caudal  portion  of  the  caudal  tesbs  o  gam  a  posl- 
t^n  dorsally  of  tlus  testis,  where  it  turns  cephalad.  The  uterus  now 
alcenldorLllv  of  the  testes  until  it  reaches  the  level  of  the  cephahc 
Tspec  of  the  c^hahc  testis,  when  it  passes  ventro-cephalad  over  tlus 
L'tlf  and  beneith  the  coiled  vesicula  and  arch  of  umo^  o  he  va^^^ 
efferentia  to  gain  the  ventral  aspect  of  the  former.  Here  it  bends 
cephalad  agai^,  eventually  penetrating  the  genital  sucker  at  a  point 
slightly  caiidad   of 


ir.c.dr- 


ju£  if^o 


Jbd. 


that  of  the  pars 
])rostatica  and,  as 
already  described, 
uniting  with  the 
ductus  ejaculato- 
lius  to  form  the  duc- 
tus hermaphrodit- 
icus. 

The  vitellaria, 
consisting  of 
sparsely  scattered 
but  well-developed 
follicles,  are  placed 

in    the    extracecal  fig.  51. 

fields:  longitudi-  ,       i-       j?  n-  1^0 

nally  they  are  coextensive  with  the  cecal  zone,  though  a  few  folhcle 
are  fouml  shghtly  caudad  of  this  zone,  and  not  only  m  the  extracecal 
fields  but  also  in  the  cecal  and  intercecal  areas. 

The  transverse  vitelloducts  pass  transversely  toward  he  median 
line  ventrallv  of  the  corresponding  testis,  and  umte  close  to  the 
venlro-caudai  aspect  of  the  shell  gland.  From  their  pom  of  umon 
the  common  vitello-duct  takes  its  departure  skirts  closely  f-^^^^^^ 
aspect  of  the  shell  gland  and,  as  already  described,  penetrates  this 
gland  close  to  its  dorsal  pole. 

//^^s._Egiis  were  not  observed  in  the  uterus. 

Excretory  SYSTEM.-The  excretory  system  is  well  developed.     A 
well-developed  excretory  vesicle  lies  in  the  caudal  portion  of  the  body 
It  is  in  the  form  of  an  inverted  elongate  pouch,  the  fundus  of  the 
vesicle  being  close  to  the  dome  of  the  acetabulum  in  the  int.rcecal 
field  at  the  level  of  the  cecal  ends  of  the  intestines.     The  bod)  of  the 
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vesicle  extends  cephalad  and  toward  the   dorsum,  its  diameters  in  I 

transvei-se  section   ])ccoming  progressively  smaller.     Eventually  it  j 

gives  place  to  a  short,  thick  walled  duct,  wliich  opens  in  the  methan  ( 

line  of  the  doi-sum  at  about  the  junction  of  the  equatorial  with  the  i 

caudal  third  of  the  body  length  and  about  0.16  mm.  cephalad  of  the  j 

transvei-se   i)lanc    of   the    cephahc   margin   of  the   acetabulum   and  \ 
slightly  cephalad  of  the  l(>yel  of  tlie  caudal  margin  of  the  cau(hd  testis. 

RELATION-    TO    OTUEK    SPECIES.  j 

Cot>jlop],oron  indinim  comes  close  to  C.  cotylophoriim,  from  which 

it  (HU'eis  chiefly  in  the  structure  of  the  esophagus,  which  is  ])rovided  ! 
with  a  bullnis  thickening  in  the  latter  species  but  is  without  it  in  the  .  • 


Flu.  52. 

former.  The  two  differ  also  in  the  details  of  structure  of  the  copula- 
lory  apparatus  and  in  the  ])osition  of  the  genital  ])ore.  In  C.  indicum 
the  genital  suck(M-  is  less  sharply  delimited,  juojects  less,  has  a  much 
smaller  genital  atrium,  and  the  genital  pore  is  decidedly  postbifurcal; 
on  the  other  han.l,  in  l\  cofijlophonini  the  genital  sucker  is  shari)ly 
in.iiked,  with  rim  prominently  bulging  the  venter,  with  a  relatiyelV 
roomy  genil:il  atrium  nnd  with  the  giuiital  por(>  in  the  hifurcal  zone. 

II.LISIKAI'IONS. 

Fkj.  43.— Prolileview.     Enlarged.     Original. 

Fk;.  44.— Ventral  yiew.      Knlarged.     Original. 

lM(i.  45.— Profde  projiMtion  (.f  same,  showing  oral  sucker  (o.  s.), 
esophagus  (r.v.),  esophageal  ganglion  (e.g.),  right"  intestine  (i.), genital 
sucker  ((j.  .v.),  testes  (/.),  right  vas  efTerens  (r.  r.  d.),  vesicula  s<Mninalis 
(v.  s.),  ])ars   musculosa  (;).  m.),  j)ars  prostatica  {p.  p.),  ductus  herma- 
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phroditiciis  {d.  Ji.),  poms  hermaphroditicus  (por.  7i.),  genital  pore 
(a  v)  metraterm  iva.),  uterus  {ut),  shell  gland  {s.  g.),  ovary  {ov.), 
Laurer's  canal  (L.  c),  excretory  vesicle  {ex.  v),  excretory  pore  {ex.  p.), 
and  acetabulum  {ac).  a-a,  h-h,  c-c,  d-d,  e-e,  f-f,  planes  of  section. 
Slightly  diagrammatic.     Enlarged.     Origmal. 

FiG.'46.— Ventral  projection  of  same.  Lettering  as  m  fig.  45. 
Slightly  diagranmiatic.     Enlarged.     Original. 

YiG  47.— Transverse  sections  at  a-a,  figs.  45  and  46.  Shows  oral 
sucker  (o.  s.)  with  the  papilla?  lining  the  lumen,  perisuctorial  space 
(p  s  sp  ),  and  mesenterial  band  (m.  I.).     Enlarged.     Origmal. 

YiQ  48  —Transverse  section  at  h-h,  figs.  45  and  46.  Shows  genital 
atrium  {g.  a.),  genital  papilla  {g.  pap.),  genital  sucker  (g.  s.),  ductus 
hermaphroditicus  {d.  Ji.),  pars  prostatica  {p.  p.),  intestinal  ceca  (^), 
vitellaria(v.  ^.).     Enlarged.     Original. 

Fj(.  49.— Transverse  section  at  c-c,  figs.  45  and  46.  Shows  form 
of  body  at  equator,  cephalic  testis  {t.  s.),  origin  of  left  vas  efferens 
{v  e.  sO,  position  of  the  right  vas  efferens  {v.  e  d.),  uterus  {ut),  mtes- 
tinal  ceca  {i.),  and  vitellaria  {v.  g.).     Enlarged.     Original. 

Fig  50.— Transverse  section  at  d-d,  figs.  45  and  46.  Shows  caudal 
portion  of  cephalic  testis  {t  s.),  and  cephahc  lobe  of  caudal  testis 
{t.  d.),  right  vas  efferens  {v.  e.  d.),  uterus  {ut.),  intestinal  ceca  {i.), 
andvitelfaria(r.  ^.).     Enlarged.     Original. 

Fjg.  51.— Transverse  section  at  e-e,  figs.  45  and  46.  Shows  caudal 
testis  {t.  d.),  origin  of  right  vas  efferens  {v.  e.d.),  uterus  {ut),  intestmal 
ceca  {i.),  vitellaria  {v.  g.),  and  excretory  canals  {ex.  c).     Enlarged. 

Original. 

YiQ,  52.— Transverse  section  at  e-e,  figs.  3  and  4.  Shows  ovary 
{ov.),  shell  gland  i,^.  g.),  first  part  of  uterus  {ut),  Laurer's  canal 
(L.  c.),  excretory  vesicle  {ex.  v.),  intestinal  ceca  {%.),  vitellaria  {v.  g.), 
and  acetabuluin  (ac).     Enlarged.     Original. 

Genus  PARAMPHISTOMUM,  Fischceder,  1901. 

Generic  mAGNOs^is.-Paramphistomin.T  (p.  62):  Body  tends  to  a  conical  form, 
with  convex  dgrsum  and  cancave  venter,  rather  attenuate  cephalad,  rather  blunt 
caudad;  ventral  pouch  absent.  Acetabulum  terminal,  tilts  ventrad,  small  to  very 
large  sunken,  margin  not  raised,  aperture  small  to  large.  Genital  sucler  absent,  pore 
ventro-median,  pretesticular.  Excretory  vesicle  at  least  partly  in  acetabular  zone. 
Oral  sucker  uithout  evagination;  esophagus  with  or  without  muscular  thickenrng; 
ceca  long,  nearly  straight  t<.  wa^T,  end  postequatorial,  posttesticular,  usually  in 
acetabular  zone. 

^falc  organs:  Testes  2,  usuallv  intercecal,  small  to  large,  finely  lobulate  to  coarsely 
l,,hate,  exceptionally  nearly  smooth,  fields  coincide  to  separate,  zones  coincide  to 
separate;  cirrus  pouch  absent. 

Female  organs:  Ovary  and  shell  gland  usually  iH.sttesticular,  never  pretesticular; 
Laurer's  canal  may  cross  vesicle;  uterus  runs  dorsally  of  testes,  under  arch  of  vasa 
offcrentia,  then  ventrally  of  vas  deferens. 

Eggs:  With  (or  without  ?  ?)  operculum. 

Type  species.— P.  cervi  (Schrank,  1790). 
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The  specios  of  this  genus  ma}-  be  arranged  in  several  groups,  the  i 
individual  members  of  wliich  appear  more  closeh'  related  to  each  ! 
other  than  to  individual  members  of  other  groups.  Still  it  is  some- 
what difficult  at  present  to  separate  the  forms  with  entire  satisfaction,  i 
That  several  of  these  groups  will  eventually  be  recognized  as  of  generic  1 
rank  seems  certain,  but  in  the  interest  of  conservatism,  we  propose  , 
to  recognize  them  temporarily  only  as  subgenera,  as  follows:  1 

Subgenus  Paramphistomum,  with  ccrri  (type),  epiclitum,  Uorchis,  and  hathymti/Ir.  j 

Subgenus  Orihocwlium ,  with  orthocoelium  (type),  and  diiranococUum .  ! 
Subgenus  Bolhriophoron,  with  bothriophoron  (type),  and  papiUigeruui. 
Subgenus  Cauliorchis,  with  cuuliorchis    {type),  crassum,  probably  papillosuvi,  and 

doubtfully  indicum  and  calico phorum. 
Subgenus  uncertain:  All  the  other  known  species. 

The  following  key  will  aid  in  se])arating  the  species  in  Cj[uestion: 

Key  to  speciks  of  Parampiiistomim  ' 

A'-.  Laurer'c  canal  crosses  excretory  canal  t)r  vesicle p.  75.  i 

AK  I.aurer's  canal  does  not  cross  excretory  canal  or  vesicle,  its  pore  is  always  cephalad  I 

of  excretory  pore;  ovary  prevesicular;  testes  touch  median  line:  j 

B'.  Ceca  nearly  or  quite  straight,  end  in  pre-  or  acetabular  zone;  esophagus  with  j 

slight  muscular  thickening;  acetabulum  small;  excretory  vesicle  club-shaped;  i 

ventral  chamber  of  genital  atrium  absent;  testes  lobate,  distinctly  and  con-  i 

siderably  preacetabular,  fields  coincide;  vitelline  follicles  coarse,  grouped;  ! 

type  orthoccelium Subgenus  Orthocoelium,  p.  77.  I 

C.  Excretory  vesicle  and  canal  directed  dorso-cephalad,  excretory  pore  slightly  i 

prevesicular;  genital  pore  bifurcal;  vitelline  follicles  usually  in  single  row  i 

each  side;  testes  about  as  large  as  acetabulum;  oral  sucker  with  sphincter;  ; 

esophagus  twice  as  long  as  oral  sucker;  ceca  deep,  end  pre-  to  acetabular;  i 

body  5  to  11  mm.  long;  typo  host  Bos  l-crabau,  from  Ceylon.  | 

P.  orthocoelium,  p.  77.  | 

(P.  Excretory  vesicle  and  canal  directed  dorso-caudad,   excretory  pore  post-  ■ 

vesicular;  genital  pore  postbifurcal ;  vitelline  follicles  usually  in  two  rows  I 

each  side;  testes  larger  than  acetabulum;  oral  sucker  without  sphincter;  | 

esophagus  about  one  and  one-half  times  as  long  as  oral  sucker;  ceca  rather  i 

narrow  and  in  section  nearly  circular,  end  i)reacetabiilar;  body  5  to  8  mm.  , 

long;  type  host  Bos  indicus P.  dinanocalium,  p.  77.  , 

B^.  Ceca  sinuous  to  wavy,  end  in  acetabular  zone;  [subgeneric  position  as  yet  | 

uncertain,  but  not  typical  subgenus  Pf/ra»i7)/i/,s7owi/H)]:  "  ' 

C'-''.  Esophageal  muscular  tliickening absent;  esoi)hagus about  as  long  as  sucker;  j 

ceca  wavy;  excretory  pore  in  vesicular  zone;  acetal)ulum  terminal  small  to  i 
moderate;  genital  pore   postbifurcal;  ventral  chamber  of  genital  atrium 

small;   testes  (?  about  equal  to  and)  removed  from  acetabulum,  fields  | 

coincide,  zones  slightly  separate;  musculosa  long,  coiled;  ovary  slightly  j 
ventro-cephalic;  vitellaria  in  esophageal,  cecal,  and  cephalic  part  of  pt)st- 
cecal  zone;  body  5  to  1 1  mm.  lomj;  type  host  Bos  kcrahau,  Ceylon. 

P.  strcptocotlium.  ! 

C*.  Esophageal  muscular  thickening  i)resent;  testes  lobate;  acetabulum  moderate: 

/>'.  Excretory  jxire  ])revesicular;  ventral  chamber  of  genital  atrium  j)resent, 

genital  atrium  (dorsal  chamber)  pai)illated;  ceca  wavy;  testicular  zone 

overlaps  acetabulum;   body  3  to  3.9  mm.  long,    1.8  to  2.3  mm.  broad; 

tyi)(>  host  lios  indicus,  Slam P.  parripapillatum,  \).  143. 
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D'.  Excretory  pore  in  vesicular  zone;  ventral  chamber  of  genital  atrium  small, 
complicated;  musculosa  quite  large,  coiled;  cecawavy;  testicular  zone 
slightly  preacetabular,  testes  slightly  larger  than  acetabulum,  testic- 
ular fields  nearly  coincide;  ovary  acetabular;  vesicle  not  club-shaped; 
body  between  4.5  and  7  mm.  long,  2.46  mm.  broad,  2.26  mm.  thick; 

type  host  Cervus  eldi P-  shipkyi,  p.  150. 

2)3.  Excretory  pore  postvesicular;  ventral  chamber  of  genital  atrium  absent; 
ceca  sinuous;  testicular  zones  abut  to  separate,  slightly  preacetabular; 
testicular  fields  coincide;  vitelline  follicles  coarse,  grouped,  extend  eso- 
phageal, cecal,  postcecal;  vesicle  not  club-shaped;  body  2  to  6  mm.  long, 
0.7  to  2.5  mm.  broad;  type  host  Bos  bubalus,  Cochin  China,  and  B.  taurus, 

Aunam -P-  scoliocoslium  Fischoeder,  1904. 

A-.  Laurer's  canal  crosses  excretory  canal  or  vesicle;  Laurer's  pore  (except  in  caulior- 
chis  and  possibly  papilligerum)  caudad  of  excretory  pore;  ovary  never  entirely 
cephalic  of  vesicle,  but  always  ventral;  testes  not  distinctly  larger,  but  usually 
smaller  than  or  about   equal   to    acetabulum;    esophagus  without  muscular 
thickening;  ceca  sinuous  to  wavy,  not  straight: 
B^.  Ventral  chamber  of  genital  atrium  very  large;  testes  lobate,  about  equal  in  size 
to  acetabulum,  testicular  fields  median,  nearly  coincide,  zones  slightly  sepa- 
rate, nearly  abut,  preacetabular;  acetabulum  moderate;   ceca  long,  end  in 
acetabular  zone,  moderately  broad;  type  hothriophoron . 

Subgenus  Bothriophoron,  p.  77. 
C^.  Ventral  chamber  not  papillate;  pore  of  Laurer's  canal  latero-caudad  of  excre- 
tory pore,  which  is  prevesicular;  testes  a  little  removed  from  acetabulum; 
genital  sphincter  present;  body  6  to  9  mm.  long;  type  host  Bos  indicus, 

Madagascar P-  bothriophoron,  p.  77. 

C^.  Ventral  chamber  papillate;  pore  of  Laurer's  canal  slightly  caudad  of  excre- 
tory pore;  testes  slightly  preacetabular;  body  8.5  mm.  long,  4.3  mm.  broad; 

type  host  Cervus  eldi P-  papilligerum,  p.  78. 

B*.  Ventral  chamber  of  genital  atrium  absent  or  small : 
(!'.  Acetabulum  large  to  very  large: 
D*.  Excretory  pore  prevesicular: 

EK  Testicular  fields  separate,  not  median,  zones  overlap,  testes  lobate, 
much  smaller  than  acetabulum,  acetabular  to  somewhat  preacetabu- 
lar but  not  far  removed;  musculosa  long  and  thick;  Laurer's  pore 
postero-lateral  of  excretory  pore;  ventral  chamber  (?);  genital  pore 
postbif ureal,  excretory  vesicle  not  narrow,  but  swollen;  acetabulum 
large;  body  5  to  8  mm.  long;  type  hosts  Bos  taurus,  Togo,  Bos  zebu, 

German  East  Africa P.  calico phor urn,  Fischceder,  1901. 

Jr.  Testicular  fields  median,  coincide  or  overlap,  zones  lobate,  testes  much 

smaller  than   and   near   the   acetabulum;  ventral   chamber  absent; 

excretory  vesicle  long  and  narrow;  acetabulum  very  large: 

FK  Genital  pore  in  suctorial  zone;  musculosa  straight,  narrow,  prostatica 

shorter  than  musculosa;  acetabulum  less  than  half  as  long  as  body; 

testes  large;  ceca  wavy,  broad;  excretory  vesicle  long;  body  9.75 

mm.  long,  4.5  mm.  broad;  type  host  Buffelus  indicus. 

P.fratemum,  p.  131. 
F'.  Genital  pore  in  esophageal  zone;  musculosa  coiled;  testes  large;  ace- 
tabulum more  than  half  as  long  as  body;  ceca  wavy,  moderately 
broad,  end  in  acetabular  zone;  body  6  to  9  mm.  long,  4  mm.  broad; 

type  host  Bos  indicus,  Siam P.  siamense,  p.  161 . 

F'-K  Genital  pore  in  postbifurcal  zone;  musculosa  (?);  prostatica  longer 
than  musculosa;  acetabulum  less  than  half  as  long  as  body;  ceca 
sinuous,  moderately  broad,  end  in  acetabular  zone;  body  8  to  13 
mm.  long;  type  host  Bos  indicus  at  Berlin,  Germany. 

r.  explancJum  Creplin,  1847. 
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D^.  Excretory  pore  in  vesicular  zone;  testes  small,  much  smaller  than  acetabu-  i 

luni,  cauliflower  shaped,  near  acetabulum;  vesicle  bag-like;  ceca  wavy:  ' 

IP.  Testicular  fields  separate,  not  median,  testes  pre- and  acetabular;  muscu-  i 

losa    enormous;  vasa    efferentia     convex     cephalad;  ovary    ventre-  i 

cephalic  of  vesicle;  pore  of  Laurer's  canal  slightly  latero-cephalic  of  i 

excretory  pore;  genital  pore  postbifurcal;  ceca  moderately  broad ;  body  1 

6  to  7.5  mm.  long,  3.6  to  4.25  mm.  broad;  type  host  Bos  indicus,  j 

India /'.  cauliorchis,  p.  86.  i 

E*.  Testicular  fields  overlap,  median;  testes  diagonal,  pre-  and  acetabular,  | 

nmsculosa  large;  ovary  ventral  of  vesicle;  pore  of  Laurer's  canal  cau-  j 

dad  of  excretory  pore;  genital  pore  in  suctorial  zone;  ceca  broad;  body  I 

6  to  6.5  mm.   long,   4  to  4.76  mm.   broad;    type  host  Bos  iiidicus,  t 

India P.  crassum,  p.  101.  | 

E^.  Testicular   fields   coincide,   median,   testes    preacetabular;    musculosa  i 

large;  ovary  ventro-cephalic  of  vesicle;  pore  of  Laurer's  canal  caudad  \ 

of  excretory  pore;    ventral  chamber  small,  papillate;   genital  pore  in  i 
esophageal  zone,  ceca  moderately  broad;    body  5  to  6  mm.  long,  2.6 

mm.  broad;  type  host  Bos  indicus,  India P.  papillosum,  p.  112.  ■ 

C®.  Acetabulum  email  to  moderate;    ventral  chamber  absent;    testicular  fields  I 

median,  coincide  or  overlap;  ovary  ventral  of  vesicle: 

2)*.  Testes  distinctly  removed  from  acetabulum;    genital  ])(ire  postbifurcal;  j 

vesicula  club-shaped ;  excretory  pore  prevesicular:  1 

E^.  Acetabulum  small,  about  one-eighth  as  long  as  body;   genital  sphincter  I 

absent;  pars  prostatica  large,  oval;  musculosa  short,  not  coiled;  body  | 

11  to  15  mm.  long;    type  host  Bos  kerabau,  also  in  Portax  tragoca-  i 

melxis /'.  gracxlc  Fischopder,  1901.  i 

E'.  Acetabulum  moderate;   genital  sphincter  present;    pars  prostatica  thin;  i 

musculosa  long,  coiled;    body  8  to  11  mm.  long;    type  host  Antilope  j 

dorms P.  mxcrohothrium  Fischopder,  UK)!.  I 

Z>".  Testes  near  acetabulum: 

E^.  Testes  much  smaller  than  acetabulum,  caulillower-like;  excretory  vesicle  < 

bag  shaped,  distended;    excretory  pore  in  pre-  and  vesicular  zones;  i 

body  5.25  to  9.5  mm.  long,  2  to  3  mm.  broad;    type  host  Bos  indicus,  I 

India /'.  indicuvi,  p.  121.  ' 

E".  Testes  about  equal  to  (or  slightly  smaller  or  larger  than)  acetabulum;  i 

excretory  ])ore  distinctly  prevesicular;  type  cervi.  ' 

Sul)genus  l^aramphistomum,  p.  77.  i 

F*.  Testes  nearly  smooth;   genital  ])(>re  i)rebif ureal;    juirs  musculosa  very  j 

short;  body  3  to  8  mm.  long;    type  hosts  Ccrvus  simpUricornis,  C.  ' 

cam  pest  ris,    C.    mcricarius,     C.    rufus,    C.    dichotomus,     C    iiambjf,  j 

Brazil /'.  Uorchis  Fischo'der.  1901.  ] 

F\  Testes  lobate:  \ 

G''.  Testes  distinctly  smaller  than  acetabulum;  acetabulum  (ine-thinl  as  i 
long  as  body;    body  11  to  15  mm.  long;    type  liost  Bos  Icrahau, 

Ceylon /'.  bathijroti/lc  Fischieder,  1901.  i 

(J-.  Testes  not  distint-tly  smaller  than  acetabulum: 

//'.Genital  porebifurcal  or  only  slightly  i)ostbifurcal;   body  5  to  12  mni.  i 

long;  type  host  Ccrvus  claphas,  Europe. .  /'.  ccrvi  (Schrank,  1790).  , 

G-".  Genital  jiore  markedly  postbifunal;    Ixxly  5  to  9  mm.  long,  2  to  3  i 

mm.  broad;  type  host«.Ros  huhalxis.  ("ochin-China,  and  Bos  iudirus,  ; 

at  Berlin,  Germany /'.  cpiclitum  Fischa-der,  1904. 
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Subgenus  PARAMPHISTOMUM. 
^c.c       T>nTm,i-nhUfmnum   (p.    73):  Ceca  sinuous   to  wavy,   not 

S      A«Ubu,um  moderate,  terminal.     Excretory  vesicle  elongate,  more  or  less 

r  k  V.„eH    ii^  nore  Dreve.icular.     Ventral  chamber  of  genital  atrium  absent. 

club  f  ^P'^'*'  ''IP"!  P"7t,';„\,^„oth,  near  and  about  equal  t»  acetabulum,  at  least 

t  7Z.2"^'^^^T.,Tu..c^  smaller  (except  posriWy  !,.%c„„fe),  testicular 

Lt«  sllghnr-P-te  "-but'or  slightly  overlap,  «e,ds  median,  nearly  or  qutte 

""'Itlako^mu-  Ovary  ventral  of  vesicle;  I.aurer's  canal  crosses  excretory  canal  or 
veS  itspore  caudad  of  excretory  pore;  vitellaria  i„  esophageal,  cecal,  and  post- 

cecal  zones. 
Type  species.-P-  cervi  (Schrank,  1790). 

This  subgenus  contains  at  least  4  species  {cervi   evicUum    liorcUs, 
and  hatlycotyle),  all  of  which  have  been  studied  by  Fischoeder. 

ORTHOCCELIUM,  new  subgenus. 

^rSrSSenin^  'AZriunfsmall,  terminal  tilts  ventrad.     Excretory  vesicle  . 

or  d^t     t  por^cephaM  of  excretory  pore;  vitelline  follicles  c„a.e,  grouped,  extend 
from  es'ophigeal  into  postcecal  and  even  into  acetabular  zone 
Type  SPECIE8.-P«ramp»tom»».  ortoatam  Fischceder,  1901. 

This  subgenus,  which  at  present  contains  two  species  (orthoccelium 
lliissuDgenus,  y  probablv    eventually    be 

and  ihcranocmum,   see   icej    p-   /*),""'    i  . 

^c^gnized  as  a  distinct  genus.     Both  of  these  species  have  been 

studied  by  Fischoedei". 

BOTHRIOPHORON,  new  subgenus. 

:r  Uir  a:ri.etg."  retb:.-  -derate,  ternrinal.    Excretory  vesicle  distended. 
1   1     I      ^A       v^-nfrnl  chamber  of  genital  atnum  very  large. 

"';;::^rrToseri;^ltatute^^^ 

Mnh  organs,    i  ^^^^^  ^^^^.^^^^  ^^^^^^^  coincide, 

testu'ular  zones  shglitl>  ^^P^^^^^'  l'"    /^^.  Lkurer's  canal  crosses  excretory  canal  or 

Female  organs:  Ovary  ventral  of  ^ «^\^^^ '  ^^^^^^      ^  ^^  excretory  pore;  ^'itollaria 
vesicle,  its  pore  (in  the  type  species  at  least)  caudad  ot  the  excreio  y  p 
well  developed,  extend  from  bifurcation  to  sh.htly  caudad  of    eca. 

Type  svZi^^.-Paramphistomum  bothrmphoron  (Braun,  1891). 
Two   snecies    (namely,    hotlirioplioron   and    pafilligerum)    may   be 
<d.lTfied'heTe      They  a;e  easily  separated  by  the  papillate  or  non- 

"  condition  of  the  ventral  cftantben-  of  the  gen.al  atrmm. 
r  hotJiHophoron  has  been  recently  studied  by  Fischoeder. 
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PAKAMPIIISTOMl  M  PAPILLIGERIM.  nen  sperles. 
IFigs.  53  to  56.] 

Specific  DiAC.sosis.—Paramphistoimnn  (p.  73):    Body  8.5  mm.  long  by  4.3  mm. 

broad :  color  (?j;  greatest  breadth  near  caudal  end;  tapers  gradually  to  bluntly  pointed  \ 

oral  pole,  \er>'  rapidly  to  very  bluntly  rounded  caudal  pole.     Surface  without  papilla.  | 

Genital  pore  at  junction  of  cephalic  with  equatorial  thirds  of  body,  with  elliptiral  i 

bulging  1.08  mm.  in  transverse,  0.8  mm.  in  longitudinal  diameter,  with  2  transviT.«e  i 

labia;  genital  pore  about  0.61  mm.  by  0.37  mm.;  surface  of  bulging  sparsely  papil-  i 

late;  at  this  point  a  crateriform,  papillate  atrium.     Acetabulum  terminal,  sunken  in  i 

parenchyma,  its  margin  not  projecting,   1.88  mm.  in  transverse  diameter.  o])ening  j 
caudad  (terminal)  0.4G  mm.  in  transverse  diameter.     Mouth  in  depression  at  cephalic 

pole;  oral  sucker  rather  oval  in  frontal  section,  its  lumen  papillate;  lies  in  a  well  ! 

developed    perisuctorial  cavity;  e.'^ophagus  bent,  convexity  ventrad,  its  wall  rather  | 

uniform  in  thickness;  ceca  long,  wavy  dorso-ventrally,  extend  caudad  about  to  equator  i 

of  acetabulum.     Excretory  pore  about   dorso-raedian,  slightly  cephalad  of  pore  of  < 

Laurer's  canal;  excretory  canal  runs  to  dorsal  (or  dorso-caudal?)  aspect  of  wcll-d.-v.]-  , 

oped  vesicle  lying  dorsally  and  dorso-cephalad  (?)  of  acetabulum.  i 

Male  organs:  Testes  large,  lobate,  in  median  line,  intercecal.  fields  overlap,  zones  i 
slightly  overlap;  union  of  vasa  efferentia  slightly  cephalad  of  cephalic  testis;  vas 

deferens  dilated,  coiled;  pars  intermedia  connects  this  with  coiled  mu.>^culo.>^a:  pars  : 

prostatica  relatively  short,  i)asses  directly  ventrad;  ductus  ejaculatorius  opens  ju.^t  | 

above  metraterm  into  transverse  (in  frontal  plane)  slit-like  chamber,  wh(>nce  a  duct  I 

passes  ventrad  apparently  piercing  a  papilla ;  t  he  latter  projects  into  a  chamber  which  ia  i 

connected  by  a  very  short  duct  with  the  papillated  genital  atrium.  j 

Female  organs:  Ovary  and  shell  gland  between  caudal  testis  and  ac(>tabulum,  ovary  j 

slightly  to  left  of  median  line,  shell  gland  about  median;  vitellaria  with  well-developed'  | 

sparsely  scattered  follicles,  chiefly  in  extracecal  area,  extending  from  esophageal  t.'.  i 
slightly  caudad  of  cecal  zone;  uterus  extends  from  shell  gland  slightlv  caudo-sinlsirad 
then  ventrally  of  ovary  and  shell  gland  dextrad.  bends  ccphala.l  dorsally  of  fsfs' 

ventrad  under  arch  of  vasa  efferentia,  cphalad  ventrally  of  vas  deferens  to  oj.c-n  caudad  I 
of  male  opening  into  the  slit-like  chamber. 

J'Jggs:   Oval,  135/t  by  (u/i,  operculated  (?).  , 

Type.— U.S.P.Il.  ct  M.II.S.  10700  (returned  to  Doctor  Shipley).  '< 
Habitat.— In  (stomach  (?)  of)  fWrus  ehli.  locality  imi  known. 

Source  of  material.— Tl.c  luiilrrinl.  (■..nsistini:  ,.1'  a  series  of  ': 
froiitiil  sections,  was  kin.lly  loaiu-.l  us  hy  Dv.  A.  10.  Shipli.v.  I 

EXTERNAL    <1I.\  KACTKKS.  \ 

Size.-  Men.suroinents  taken  from  tlie  s(«c(i.)iis  ^ive  ahotil  S..')  mm  ' 

f<T  the  inaxiimini  vesical  diameter  ami  almiK  i.i]  mm.  for  tli(«  maxi-  ! 
mum  transverse  diameter. 

FoH.M.-    The  jTrca test  wi.h  h  ..f  i  he  worm  is  iu«ar  lh(<  caii.hd  <'xlrem-  i 

ily,   fn.m   which  re^riou   it    tapers   in    hotii   (hrections.     Tiie  eaiuh.l  I 

extremity  is  broad,  romnhvl  from  si(h'  to  si(U\  an.l  presents  the  aper-  ' 

tiire  of  the  acelahuhim:lh.'c..phalic  extremity  is  hhmllv  point.',!  ami  : 

pres.Milsal  Us  vertex  a  well-mark,>,l  depression,  at  the  l.o't .of  which  ' 

Js  the  oral  aiiert  lire 

^^^UFA(•K.  -  1  he  ^renerai  surface  of  th,'  w.u-m  ap|)ears  unprovi.led  | 
with  sucli  structures  as  .spines  or  hooks,  and  excejX  for  the  -enital  ! 
bulging  is  without  pa])illa\ 
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Genital  pore  —In  about  the  median  sagittal  line  of  the  venter  and 
about  at  the  junction  of  the  cephalic  with  the  middle  third  of  the  body 
len-th  there  is  a  bulging,  elliptical  in  outline  and  measurmg  at  the 
b-is'e  about  1.08  mm.  in  transverse  and  about  0.80  mm.  m  vertical 
diameter.  At  the  vertex  of  this  bulging  there  are  two  transverse 
lip-like  structures,  continuous  laterally,  which  bound,  as  it  were,  a 
transversely  elliptical  aperture.  This  aperture  may  be  regarded  as 
the  crenital  pore,  and  measures  0.61  mm.  in  transverse  and  about  0.37 
mm"  in  median  sagittal  diameter.  The  surface  of  the  bulging  is 
beset  by  minute  sparsely  scattered  papillae. 

The  o-enital  pore  gives  entrance  to  a  crateriform  depression  or 
atrium,''the  surface  of  which  is  closely  beset  by  nipple-like  papillae 
(fig.  53),  which  are  considerably  larger  than  those  of  the  surface  of 

the  genital  bulging.  ,  ,       ,        ;       f  ,u 

Acetahulum.— The  acetabulum  is  m  the  caudal  extremity  ot  the 
worm  and  measures  1.88  mm.  in  greatest  transverse  diameter.  Its 
aperture  is  terminal  and  measures  0.46  mm.  in  maximum  transverse 
diameter.  The  rim  of  the  acetabulum  does  not  project  beyond  the 
caudal  bodv  surface,  but  appears  rather  retracted  and  its  aperture 
slightly  encroached  upon  by  folds  of  the  encircling  portions  of  the 
body. 

INTERNAL    ANATOMY. 

Digestive  tract.— The  mouth  is  at  the  bottom  of  the  depression 
at  the  cephalic  pole  of  the  worm,  and  leads  directly  into  the  lumen  of 
a  large  muscular  oral  sucker. 

In  frontal  section  the  sucker  has  an  oval  form  with  a  broad  rounded 
base,  which  gives  origin  to  the  esophagus.     The  oral  pole  of  the  sucker 
projects  in  a  ring-hke  manner  beyond  the  adjacent  surface.     A  roomy 
perisuctorial  space  is  present.     The  lumen  of  the  sucker  is  closely 
beset  by  well-marked  conical  papilla^.     The  esophagus  at  first  passes 
directlv  caudad   in   about   the   median  sagittal  plane,  then   bends 
ventrad  and  describes  a  short  curve,  or  possibly  forms  only  a  moderate 
bend  (the  interpretation  is  difficult)  with  its  convexity  ventrad.     It 
tluMi  passes  caudo-dorsad  and  forks  into  the  lateral  intestinal  ceca  at 
or  somewhat  cephalad  of  the  level  of  the  genital  pore.     This  relation 
could  not  be  made  out  with  precision  from  the  sections.     The  thick- 
ness of  the  esophageal  wall  is  substantially  uniform  throughout.     Its 
lumen  is  lined  with  a  cuticle-like  layer.     In  about  the  equator  of  the 
esophagus  and  dorsally  of  it  there  is  a  transverse  ganglionic  cord. 
The  intestinal  ceca  pass  at  first  laterad  and  slightly  cephalad  at  or 
slightly  less  than  a  right  angle  with  the  esophagus,  then  turn  caudad 
])iu"suing  a  dorso-ventrally  wavy  course  approximately  parallel  to 
the  lateral  Ixxly  wall,  terminating  by  blind  extremities  about  5  mm. 
caudad  of  the  esophageal   arch  close  to   the  corresponding  dorso- 
lateral aspect  of  the  acetabulum. 
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Genital  system. — The  sexual  organs,  with  the  exception  of  the 
vitellogene  glands,  are  disposed  in  the  intercecal  area. 

Male  organs. — There  are  two  lobate  testes,  one  caudad  of  the  other 
their  opposing  aspects  being  in  close  apposition.  The  cephahcally 
placed  of  the  two  is  a  little  nearer  the  left  and  the  caiidally  placed  a 
httle  nearer  the  right  lateral  body  margin.  In  some  of  the  sections 
the  testes  appear  somewhat  wedge-shaped,  the  left  edge  of  the  cephalic 
testis  and  the  right  of  the  caudal  testis  being  (vertically)  the  longer 
of  the  vertical  edges  of  the  2  testes.  As  the  testes  are  in  fairly  close 
apposition,  the  hne  of  separation  between  them  runs  somewhat 
obliquely  from  the  right  to  the  left  and  caudad,  and  consequently 
their  zones  overlap  to  a  slight  extent  (fig.  54).  A  vas  efferens  springs 
from  each  testis;  that  from  the  caudal  gland  passes  cephalad  witli  a 

slight  tilt  dorsad  be- 
tween the  cephalic 
testis  and  the  right 
gut,  and  is  of  consid- 
erable transverse  di- 
ameter; that  from  the 
cephalic  testis  ])asses 
SjJL  ;-*  %  -'fe  0ji       at  first  dorsad,   then 

to  the  loft  and  cej)]i- 
alad.  The  hit  tor  is  of 
a  smaller  caliber  and 
soon  reaches  the  up- 
per part  of  the  space 
b('tw(MMi  tlu^  dorso- 
lateral asj)ect  of  the 
gland  from  which  it 
I  I    -.  springs    and    tli(>  left 

gut,  and  tluMi  dilating 
rather  abruptly  it  curves cc|)lial.)-ni("(liad  to  unite  with  its  fellow  of  (he 
right  side,  wliieh  likewise  curves  cephah)-mediad  to  meet  it,  and  the  two 
thus  form  the  vas  deferens.  The  vasa  efTerentia  in  uniting  form  a 
transverse  arch  a(  a  h>vel  apparently  slightly  cephalad  of  that  of  the 
superior  margin  of  the  cephalic  testis;  beneath  (his  arch  (he  uterus  is 
seen  to  ])ass  as  it  arches  cej)halo-ventrad  over  (h(>  cephalic  testis. 
The  vas  deferens  presents  at  first  a  much  dilated,  (hin-walled,  coiled 
vesicula  measuring  about  O.'JT  nun.  in  (lianic(er;  tliis  is  succeeded  by  a 
long,thicl<-wal](>d,coil(>(l  jiars  nuisculosa  of  about  ISO/t  in  diam(>ter  and 
witii  a  thickness  ..f  wall  ol"  about  (U)/;.  Between  the  vesicula  and  the 
nuisculosa  there  is  intercalated  a  relatively  thick-walled  segment  nieas- 
urmg  about  T")/;  in  (liam(>t(>r.  Tliemusculosaissucceeded  by  a  relatively 
short  prostatica:  (his  part  of  (he  vas  deferens  is  inclosed  in  a  thick 
layer(7r)/()of  prostatic  cells  and  ])asses  directly  veidrad.    Th(>  prostatic 
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portion  is  succeeded  by  a  ductus  ejaculatorius  wluch,^%ath  the  metra- 
term  is  inclosed  in  a  thin  layer  of  an  ill-defined  muscular  mesh  and 
opens  with,  but  just  above,  the  metraterm  into  a  frontally  transverse 
sHt-Uke  chamber.  From  this  chamber  a  duct  passes  ventrad,  appar- 
ently piercing  a  papiUa,  the  form  of  which  can  not  satisfactordy  be 


.-fu   i.^ 


made  out  Tliis  papilla  projects  ventrad  into  achamber  (fromthedor- 
sal  wall  of  the  latter  as  it  were)  so  that  the  duct  piercing  it  opens  into 
this  chamber.  This  chamber  in  its  turn  commumcates  ^nth  the  cra- 
teriform,  jnipiUated  ventral  genital  chamber  (previously  described)  by 
13893— Bull.  60—10 6 


a  very  short  and  quite  narrow  duct.  This  series  of  atria  and  connecting  i 
ducts  of  the  hermaphroditic  copulator}'  apparatus  seems  to  resemble  1 
that  of  Paramphist.  sMpleyi.  The  marked  and  striking  difference  -i 
between  the  two,  so  far  as  one  can  judge  from  tlie  sections  avail-  | 


t^i^- 


Vu 


able  for  siu.ly,  consists  in  tho  diirnence  (1)  in  the  size  and  f<uin 
of  the  genital  pore  (that  of  P.  papUlUjemm  is  large,  elliptical,  an.l 
m<>asurcs  (no,,  i„  transv(Tse  diameter,  while  tl.at  of  /'.  shlphyi  is 
bmall,  aj)])ro\imat(«ly  ciicular,  and  measures  about  75/t  in  trunsvei-s© 
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diameter) ;  and  (2)  in  the  size  and  form  of  the  ventral  chamber  of 
the  genital  atrium),  which  in  P.  papilligerum  is  large  crateriform, 


io-i 


Fig.  56. 


with  its  surface  beset  by  well  develo])cd  nipple-hke  papilL^.  wliile  in 
P.  shipleyi  the  ventral  chamber  is  smah,  slit-like,  and  without  papillae 
on  its  surface. 
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Female  organs. — The  ovaiy  and  shell  gland  are  in  the  caudal  por-  \ 

tionof  the  worm,  between  the  caudal  testis  and  the  acetabulum,  and  I 

nearer  the  A^enter  than  the  dorsum.     The  ovaiy  is  the  larger  of  the  i 

two  female  glands  and  is  also  the  nearer  to  the  venter  and  is  placed  i 

a  little  to  the  left  of  the  median  sagittal  plane.     The  oviduct  springs  ! 

from  the  dorsal  pole  of  the  ovary;  it  passes  to  the  right,  cun'ing  ! 

gently  caudad  as  it  proceeds  toward  the  shell  gland,  close  to  the  \ 

ceplialic  aspect  of  which  it  forks.     One  limb  of  the  fork,  which  may  ) 

be  regarded  as  the  continuation  of  the  oviduct,  turns  shaiply  caudad  t 

to  penetrate  the  shell  gland;  tlic  other  limb  bends  dorso-caudad  and,  | 

as  Laurer's  canal,  at  first  skirts  the  right  side  of  the  dome  of  the  ! 

excretory  vesicle,  but  as  it  tends  more  and  more  caudad  it  cros.ses  < 

the  right  side  of  the  vesicle   and  eventually  reaches  the  dorsum  a  { 

little  to  the  right  of  the  median  sagittal  ])lane  and  about,  or  ])erliaj)s  j 

a  little  less  than  0.52  nun.  caudad  of  the  excictory  pore.     The  shell  | 

gland  is  close  to  tlie  right  caudo-lateral  as])ect  of  the  ovary,  close  to  1 

the  ventro-cephalic  aspect  of  the  excretory  vesicle,  and  in  aljoul  ihe  ! 
median  sagittal  ])lane  of  the  worm. 

As  already  described,  it  is  penetrated  on  its  cephalic  aspect  h\  the  I 

oviduct  which  unites  in  the  su])stance  of  the  gland  with  the  common  | 
vitello-duct.     The    latter   duct    j)enetrates    the   gland    at    its   caudal 
aspect.     The  union  of  these  ducts  results  in   the  formation  of  the 

oot^'pe,  which  is  directed  ventrad  in  the  substance  of  the  gland.     The  \ 

ootype  is  continued  as  the  uterus,  which  emerges  from  the  ventral  I 

l)olc  of  the  gland.     After  emerging,  the  uterus  dips  caudad  and  to  i 

the  left,  then  doubling  back  it  forms  coils  ventrally  of  the  ovary  and  I 

shell  gland,  th(>n  winds  its  way  dorsad  to  the  right  of  the  shell  gland  I 

beneath  the  caudal  testis,  close  to  and  on  the  right  of  Laurel's  canal,  j 

On  reaching  the  space  between  the  caudal  testis  and  the  dorsinn  it  ! 

begins  to  wiiul  its  way  cej)hala(i.     Eventually  it   reaches  the  level  I 

of  the  superior  margin  of  the  cephalic  testis, where  it  bends  ventrad,  j 

])assing,  as  already  mentioned,  beneath  the  arch  of  union  of  the  vasa  i 
ed'erentia  to  gain  the  ventro-lateral  aspect  of  the  coiled  vas  deferens. 

Here  it  b(>nds  cephalad,  ascending  in  (•los(>  relation  to  the  vas  deferens,  | 

ultinuitely  arching  A'entrad   close   to   the  candal   aspect   of  the  pars  | 

proslatica  and  ductus  ejaculatorius  to  ojxmi,  as  has  been  described,  , 

just   beneath  the  latter  into  a  small  slit-like  clnnnber.     The  uterus  i 

is  distended  more  or  less  in  various  ])ortions  of  its  course  by  eggs  i 

and  by  ma-sses  of  spermatozoa.     The  eggs  an*  oval  in  form;  .some  of  ' 
them  measured  135/(  in  length  by  ()7/(  in  width. 

The  vitellaria  consist  of  spar.sely  .scattered  well  develoiied  follicles  I 

in    Ihe   extracecal    areas.     Vertically    they    extend    from    about    the  i 

le\(l  of  the  base  of  the  oral  suck<M'  to  or  )HMha|)s  slightly  caudad  of  ' 

the  level  of  the  (•ccmI  <>nds  of  the  gut.     Their  zone,  ther(>for(>,  is  about  j 

coextensive  with  the  combined  zones  of  the  esophagus  and  intesthiai  I 


ceca. 
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ee.a  A  transverse  vitello-duct  from  each  gland  passes  mediad 
ventrally  of  the  corresponding  intestine.  These  ducts  unite  close 
to  the  ventro-caudal  aspect  of  the  shell  gland.  The  common  vitello- 
duct  thus  formed  passes  dorsad  close  to  the  shell  gland,  the  caudal 
aspect  of  which  it  eventually  penetrates. 

Excretory  system.— This  seems  well  developed.  A  large  vesicle 
lying  dorsad  of  the  acetabulum  is  present.  An  excretory  duct  leaves 
the  dorsal,  probably  caudo-dorsal,  aspect  of  the  vesicle  and  passes 
to  about  the  median  vertical  line  of  the  dorsum  to  open  at  a  point 
in  a  transverse  plane  slightly  cephalad  of  that  of  the  pore  of  Laurer's 
canal. 

RELATION    TO    OTHER    SPECIES. 

This  species  appears  most  nearly  related  to  Param.  hothrio'phoron, 
from  which  it  differs  mainly  in  the  structure  of  the  copulatory  appa- 
ratus. In  P.  papiUigerum  the  genital  chamber  is  papillated  and  the 
genital  pore  is  without  a  sphincter;  in  P.  hotJiriopJioron  the  chamber 
Ts  not  papillated  and  the  genital  pore  is  encircled  by  a  sphincter. 
Besides  this,  large  papilla^  line  the  suctorial  lumen  of  P.  pajnihgerum; 
they  are  absent  in  P.  lotlirwphoron. 

ILLUSTRATIONS. 

Y^G,  53.— Optical  section  thiough  genital  bulging  near  its  vertex. 
Shows  papillae  in  genital  atrium.     Enlarged.     Original. 

PjCx.  54.— Optical  section.  Shows  depression  at  oral  pole  leading 
to  the  mouth;  oral  sucker  (o.  s.)  with  papilte,  perisuctorial  space 
(]>.  s.  sp.),  pars  prostatica  {p.  p.),  pars  musculosa  {p.m.),  vesicula 
seminalis  {v.s.),  uterus  {uL),  lobate  testes  {t),  ovary  {ov.),  shell 
gland  (s.  g.),  intestine  (i)  of  left  side,  vitellaria  {v.  g.),  and  acetabulum 
(ac).     Enlarged.     Original. 

YiG,  55.— Optical  section.  Shows  oral  sucker  and  papillae  (o.  s.), 
perisuctorial  space  (p.s.sp.),  esophagus  (es.),  point  of  change  from 
musculosa  to  prostatica  (p.p.),  pars  musculosa  (p.m.),  pars  inter- 
media (p.  i.),  vesicula  seminalis  {v.  s.),  uterus  (ut),  testes  (t),  ovary 
(ov.),  oviduct  {ov.  d.),  shell  gland  {s.  g.),  Laurer's  canal  {L.  c),  trans- 
verse vitello-ducts  {t.vd.),  intestinal  ceca  (i.),  vitellaria  (r.  (/.),  and 
acetabulum  {ac).     Enlarged.     Original. 

Yj^q  56.— Optical  section.  Shows  portion  of  oral  sucker  (o.  s.), 
I)erisuctorial  space  {p.  s.  sp.)  with  granular  coagulum,  intestinal  ceca 
{%.),  vesicula  seminalis  {v.  s.),  arch  of  union  of  vasa  efferentia  {v.  e.  a.), 
right  vas  efferens  {v.  e.  d.),  left  vas  efferens  {v.  e.  s.)  passing  dorsad 
from  its  point  of  origin  on  one  of  the  testicular  indentations,  testes 
(/.),  excretory  vesicle  {ex.  v.),  Laurer's  canal  {L.c),  uterus  {ut), 
acetabulum  (ac),  and  vitellaria  {v.  g.).     Enlarged.     Original. 
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CAULIORCHlS.a  new  subgenus. 


SuBGENERic  DIAGNOSIS. — Paramphistomum  (p.  73):  Ccca  distinctly  wav^-^  end 
in  acetabular  zone;  esophagus  ^vithout  muscular  thickening.  Acetabulum  ven'  larc'c 
terminal,  tilts  ventrad,  aperture  likely  to  be  rather  small.  Excretory-  vesicle  not 
elongate-club  shaped,  but  distended  and  bag-.shaped,  its  canal  rather  short,  directed 
dorsad  and  may  extend  slightly  cephalad  or  caudad,  its  pore  in  vesicular  zone. 
Ventral  chamber  (?)  of  genital  atrium. 

Male  onjans:  Testes  very  much  smaller  than  acetabidum,  cauliflower-like,  iji  pre- 
or  acetabular  zones,  testicular  zones  separate,  or  overlap  or  coincide,  fields  separate 
or  overlap  or  coincide;  musculo.sa  well  developed,  may  be  enormous,  coiled. 

Female  organs:  Ovary  ventral  to  ventro-cephalic  of  vesicle;  Laurer's  canal  crosses 
excretory  vesicle  or  canal,  its  pore  is  in  vesicular  zone,  caudad  to  caudo-laterad  of 
excretory  pore,  the  two  pores  may  be  quite  c1or(»  1o  each  other. 

Type  species. — P.  cauliorchis  n.  sp. 

At  least  2  species  (cauliorchis  and  crassvm),  probably  a  third 
species  ipapillomin),  and  possibly,  l)ut  doubtfully,  two  otl'iei  species 
iirulicum  and  cul'icophonnn)  may  be  j)lace(l  in  this  subo-onus. 

I'.\KA>I1>H1ST0.>U  M  CAlLIOUnilS  in-w  spprles. 

(Figs.  57  to  70.] 

Specific  mAc.^osiH.—I'aramphistomuin  (p.  73):  Body  6  to  7.5  mm.  long  by  3.66 
to  4.25  mm.  in  maximum  Ijreadth;  grayi.^h  buff  in  color  (alcohol  specimens);  viewed 
vcntrally,  pear  .«hai)e(l;  \ie\ved  laterally,  reminds  one  of  an  infant's  .-^hoe  (the  caudal 
end  representing  the  top,  the  dorsal  angle  representing  the  heel,  and  the  oral  pole 
representing  the  toe);  greatest  diameter  about  at  junction  of  equatorial  and  caudal 
thirds;  tapers  rapidly,  then  gradually  to  bluntly  pointed,  rather  truncated  conical 
oral  pole;  caudal  end  bluntly  rounded  when  viewed  ventrally,  truncated  when 
viewed  laterally;  sagittal  line  of  dorsum  markedly  convex,  almost  circular  at  broadest 
diameter;  transverse  section  nearly  circular.  Surface  with  transverse  grooves,  espe- 
cially ventrally;  oral  pole  with  email  conical  painlla-;  surface  folds  around  ajierture 
of  acetabulum.  Genital  pore  ventro-median,  about  one-fourth  of  body  Icngtli  from 
oral  ])ole  and  at  or  somewhat  caudad  of  oral  sucker  and  intestinai  bifurcation; 
the  pore  is  situated  on  large,  0.7  mm.,  hemispherical,  erectile,  retractile,  hiili^iiii,' 
structure,  the  latter  encircled  by  a  ridge;  it  leads  into  an  atrium  into  which 
from  its  dorsal  wall,  extends  an  elongate  genital  ].apilla,  bearing  at  its  vertex 
the  poruH  hermaj)hroditicus;  the  genital  i)apilla  is  clo.sely  encircled  by  a  broad 
band-like  mu.scular  wall  of  the  atrium;  atrium  divided  into  a  larger  do'rssil  and  a 
smaller  ventral  portion  by  a  deep  circular  groove;  when  the  erectile  bulging  structure 
is  retracted  the  encircling  ridge  forme  a  pair  of  transverse  labia,  between  which  is  a 
transverse  slit.  Acetabulum  anatomically  terminal,  but  because  of  bending  of  body 
of  worm  it  comes  to  lie  ventro-subtt>rniiiial;  sunken  into  body  of  worm;  very  lar^'c, 
2.5  mm.  in  dorsoventral,  3  mm.  in  transverse  diameter,  aperture  about  ().i)5  nini.| 
directed  ventro-caudad;  cavity  very  deep.  M<.uth  terminal,  buccal  cavity  crateri- 
forni,  i»apillated;  oral  sucker  large,  1  to  1.1  mm.  long  or  one-tifth  to  one-sixth  (.f  body 
length,  0.71  nun.  thick,  0.!»8  mm.  broad,  j)yriform,  its  papillated  lumen  broad  and 
flat;  sucker  lies  in  a  jxTisuctonal  <-avity  and  is  bound  to  parenchvma  dorsally  and 
ventrally  by  mesenteriuni-like  bands;  esophagus  tortuous,  about  a.s  long  as  (at  least 
not  shorter  than)  oral  sucker;  bifurcation  usually  cephalad  of  genital  pore;  ceca  long, 

"  From  caulis  (from  kwA6c),  a  cabbage  stalk,  a  cabbage  \Brassica  oleracea  is  the 
cauliflower],  and  '6pxi<:.  Iistide. 
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Pxtendin-  in  wavy  course  to  near  caudal  margin  of  acetabulum.  Excretory  pore 
T^ZlZ  at  or'near  plane  of  caudal  margin  of  aperture  of  acetabulum  60  to  320, 
caudad  of  Laurer's  canal;  excretory  canal  thick  walled,  arises  about  on  border  be- 
tween third  and  fourth  quarter  of  length  of  vesicle;  excretory  vesicle  dorsal  of  ace- 
tabulum, of  moderate  dimensions. 

Male  organs:  Testes  immediately  caudad  of  equator,  m  same  transverse  plane, 
though  one  may  extend  very  slightly  farther  cephalad,  and  farther  dorsad  also,  ban 
the  other-  irregular  in  outline,  cauliflower-like  in  section;  vas  ef^erens  arises  from 
ateral  aspect,  passes  in  an  archmedio-cephalo-dorsad,  then  caudad,  then  medio-dorso- 
caudad  about  to  plane  of  origin,  then  mediad  to  unite  with  its  fellow  to  form  vas  def- 
erens- vas  deferens  very  highly  developed,  occupying  most  of  mtercecal  area  cephalad 
nf  testes-  vesicula  seminalis  intricately  coiled;  pars  musculosa  enormously  developed, 
attains  0  4  mm.  in  thickness;  pars  prostatica  neariy  straight,  attains  1.2  mm.  in  length, 
runs  cephalo-ventrad  or  almost  directly  ventrad;  ductus  ejaculatorius  rather  short, 
straight  opens  into  dorsal  dilatation  of  ductus  hermaphroditicus  cephalad  of  metra- 
term"     Ductus  hermaphroditicus  with   dorsal  dilatation  and   runs  through  genital 

^^tmale  organs:  Ovary  considerably  smaller  than  testes,  right  or  left  of  me^dian  line 
but  caudo-mediad  of  one  testis;  shell  gland  smaller  than  ovary,  median  and  caudad 
or  cephalad  of  ovary;  vitellaria  with  sparsely  scattered  small  follicles,  lateral,  extends 
from  about  equator  of  oral  sucker  about  to  end  of  ceca;  uterus  runs  m  loops  yentrally 
from  shell  gland,  then  turns  dorsad,  extends  cephalad  in  dorsal  portion  of  median 
field  bends  ventrad  under  arch  of  vas  deferens,  cephalad  ventrally  of  pars  muscu- 
lo-a  to  open  into  dilated  portion  of  ductus  hermaphroditicus;  Laurer's  canal  runs 
from  oviduct,  crosses  on  right  or  left  of  excretory  vesicle,  and  opens  slightly  to  right 
or  left  of  median  line,  60  to  320/i  cephalad  of  excretory  pore. 
Eggs:  Not  observed. 

Type:  U.S.N.M.  7155.  Cotype  U.S.B.A.I.  15026. 
Habitat.— In  (organ?  of)  Bos  iridicus,  Sanawaar,  Punjab,  India. 
Source  of  material.— Four  specimens  were  found  in  a  bottle  bear- 
incr  the  U  S  N.M.  number  5775  and  tln-ee  in  a  bottle  bearmg  B.A.I, 
number  1723.  These  were  renumbered  U.S.N.M.  7155  and  15026, 
respectively.  Aside  from  the  difference  in  the  numbers  the  labels  m 
the  two  bottles  bear  the  following  legend: 

"Name  Amphistoma  crumeniferum.  Locality,  Sanawaar,  Punjab,  India.  Host,  Bos 
indicus.  Collected  by  Dr.  Giles.  Date,  III,  1893.  Determined  by  Dr.  Giles. 
Date,  1893.     Presented  by  Dr.  Giles.     Date,  1893." 

EXTERNAL    CHARACTERS. 

SizE._The  7  specimens  forming  the  collection  vary  from  6  to  7.5 
mm.  in  length.  The  greatest  width  varies  from  3.66  to  4.25  mm.  m 
3  of  the  7  specimens  in  which  this  diameter  was  measured. 

Color.— The  worms  were  of  a  grayish  buff  tint. 

Form.— The  form  is  typically  shown  in  figs.  57-60.  In  transverse 
section  the  body  of  the  worm  is  approximately  circular  and  its  greatest 
transverse  and  dorso-ventral  diameters  are  at  about  the  junction  ot 
the  equatorial  with  the  caudal  third  of  the  body.  From  this  region 
of  the  body  these  diameters  become  gradually  reduced  in  the  direction 
of  both  p<')les;  toward  the  oral  pole  the  reduction  is  rapid  for  a  short 


Fig.  57. 


distance,  then  it  becomes  very  slow,  the  total  reduction  being  con- 
siderable; while  toward  the  aboral  pole  it  progresses  uniformly,  but 
the  total  is  slight.  In  consequence  of  this  the  worm  is  bluntly  pointed 
and  the  cephalic  portion  of  the  body  appears  somewhat  cylindric  and 
distinctly  attenuated  as  contrasted  with  the 
massive  ventrally  bent  caudal  portion. 

StTtFACE. — The  surface  cuticle  is  unarmed; 
that  is,  it  is  devoid  of  scales  or  spines,  but  at 
the  oral  pole  close  to  the  aperture  of  the  mouth 
the  sui-face  is  provided  with  small  rounded  and 
conical  i)apilla>.  It  is  also  marked  by  trans- 
verse grooves,  which  are  best  defined  on  the 
venter.  At  the  caudal  extremitv  around  the 
aperture  of  the  aceta])ulum  the  worm  is  deeply 
wrinkled,  forming  rounded  folds  an<l  tabs  which 
encroach  upon  and  apjKirently  reduce  the  size 
of  the  acetabular  aperture  (figs.  ,")7,  GO). 

Genital  pore. — In  the  median  line  of  the  ven- 
tral sui-face  at  about  the  junction  of  the  first 
with  the  second  foiutii  of  the  body  is  the  genital  pore  (figs.  57-59, 
61-63,  67).  This  pore,  which  measured  0.08  mm.  in  diameter  in  one 
specimen,  is  at  the  vertex  of  a  hemisi)]ierical  ])ulging  which  measured 
about  0.7  mm.  in  diameter.  Encircling  the  base  of  this  l)ulging  st  ruc- 
ture  is  a  ridge  in  the  form  of  a  transverse  ellipse.  The  genital  j)oie 
leads  into  a  cylindrical  dorso-vent rally  running  atrium,  fiom  the  doisal 
wall  of  which  arises  a  somewhat  elongate  trum- 
pet-shaped genital  papilla.  This  papilla  pro- 
jects ventrad  into  the  atrium  for  about  two- 
thirds  the  length  of  the  latter  and  is  clo.sely 
end)race(l  by  the  encircling  musculai-  riiig-lik(> 
atrium  wall  (figs.  62,  67).  The  atrium  wall  is 
divided  into  two  unequal  rings  by  a  deep  nar- 
row circular  groove;  the  larger  or  dorsal  of  the 
rings  forms  about  two-thirds  of  the  atrium  wall  / 
and  is  the  portion  which  has  just  l)een  described  / 
as  closely  embracing  t  he  genitali)ai)illa.     In  sec-      I  / 

tion  it  is  seen  that  these  rings  differ  markedly  in       \ 
structure,  thelargerordorsal  ring  beingofa(h>nse  ;> 

mu.scularstructure.  whereas  the  struct  urc  oftjie  '  ^^ "' 

sniiiller  ring  is  loose  and  but  slightly  muscular.  ""    ' 

Tlic  licn.ispherical  bulging  which"  bears  (he  genit.-.l  pore  at  lis  ver- 
tex, isof  unerectilenatiu-e,  and  the  worm  Iinsllu-  power  of  cMUsJu-r  ju 
retraction.  [n  the  nMracl.-.l  state  the  ri.lge  which  has  been  .lescrri.ed 
as  foiiuu.g  nn  cur\vv\nv^  ellipse  about  the  ba.se  of  the  hemispherical 
bulgmg,  forms  t\v..  ti-.-msver.se  lips  conliiuious  lateiallv  (figs.  5!),  63). 


Fig.  59. 
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Between  these  lips  is  a  transverse  more  or  less  slit-like  aperture  which 
gives  entrance  to  an  irregular  dorso-caudally  directed  passage  which 
leads  directly  to  the  hermaphroditic  pore. 

Acetahulum.-The  acetabulum  is  in  the  caudal  terminal  portion  ot 
the  worm,  but  on  account  of  the  more  or 
less  decided  bending  ventrad  of  this  por- 
tion of  the  body  the  acetabular  aperture  is 
tilted  in  the  same  direction.  In  one  of  the 
sectioned  specimens  this  muscular  organ, 
with  an  aperture  measuring  about  0.95  mm. 
in  diameter,  measured  2.5  mm.  in  dorso- 
ventral,  3  mm.  in  transverse  diameter. 

INTERNAL    ANATOMY. 

Digestive  tract.— The  bluntly  pointed 
cephalic  extremity  presents  a  circular  cra- 
teriform  depression  which  is  beset  by  con- 
ical papilla?;  it  leads  into  the  oral  sucker 
through  a  small  circular  opening  which 
may  be  designated  its  oral  aperture.  The 
sucker  is  large  and  muscular,  varying  in  length  between  l.OS  and  .18 
mm  or  from  one-fifth  to  one-sixth  the  body  length  as  measured  m 
'  sections  of  5   specimens.     In    one    ot 

these  (figs.  61,  62)  the  extreme  dorso- 
ventral  and  transverse  diameters  were 
0.74  mm.  and  0.98  mm.,  respectively; 
its   form  in  median  sagittal   plane  is 
shown  in  figure  62.     It  will  be  noticed 
that  it  resembles  the  retracted  pear- 
shaped  sucker  of  P.  calicophorum ,  as 
described  and  pictured  by  Fischoeder 
(1893h,  p.  542,  fig.  30).     The  sucker  as 
a  whole  may,  for  purpose  of  descrip- 
tion, be  regarded  as  consisting  of  a  dor- 
sal and  a  ventral  muscle,  continuous 
one  with  the   other  laterally.     These 
two  muscles  are  each  thickest  in  the 
median  sagittal  plane;  they  grow  less 
thick    as    they  extend    laterad,  being 
thinnest  laterally  where  they  are  con- 
tinuous one  with  the  other.     The  opposing  faces  of  these  muscles  are 
closely  approximated,  so  that  the  lumen  of  the  sucker  is  i;educed  to 
a  dor^o-ventrallv  very  narrow  slit-like  space;  the  latter  is    ined  with 
a  cuticle-like  laver  in  anatomical  continuity  with  that  of  the  surface 
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and  is  beset  by  very  small  closely  aggregated  papiUje.  These  papilL-e 
are  largest  and  most  prominent  in  about  the  equatorial  region  of  tlie 
sucker,  becoming  gradually  smaller  and  less  distmct  as  the  oral  and 
esophageal  apertures  are  approached,  close  to  both  of  which  these 
papillae  do  not  appear  to  be  present.  Except  at  the  oral  and  the 
esophageal  ends  the  sucker  is  separated  from  the  body  parenchyma 
by  a  distinct  circumsuctorial  space,  strongly  suggestive  of  a  bodv 
cavity,  which  is  traversed  here  and  there  by  mesenterium-like  stranils 
attaching  the  sucker,  particularly  the  dorsal  and  ventral  walls,  to  the 
inclosing  parenchyma.  Tiie  space  contains,  but  does  not  appear  to 
be  at  all  filled  with,  a  granular  material  and  a  few  nuclei  (?),  the  cell 
bodies  of  wliich  are  not  clearly  definable. 

Dorsally  of  the  circumsuctorial  cavity  and  on  a  plane  near  the 
caudal  end  of  the  sucker  is  found  the  brain. 

The  esophagus  takes  origin  at  the  base  of  the  sucker.     At  a  point 
about  midway  ])etween  its  point  of  origin  and  the  dorsal  Wall  of  tiie 
worm  and  at  about  tlie  same  or  slightly  lower  (more  caudad)  level, 
namely,  at  from  two-sevenths  to  one-fourth  the  body  length  from  the 
oral  maigin,  the  esophagus  divides  into  two  intestinal  ceca.     The 
I)ath  ])ursu("(l  by  the  esophagus  between  its  point  of  origin  and  its 
bifurcation  was  found  to  vary  according  to  two  general  types;  in  one 
(iigs.  61,  62,  64),  to  which  3  of  the  5  sectioned  specimens  conformed 
the  esophagus  almost  immediately  after  leaving  its  i)oint  of  ori.rin 
tends  ventrad  and  to  either  the  left   (2  specimens)  or  the  right"(l 
specimen),  curving  around  and  skirting  more  or  less  closely  the  base 
of  111. ■  sucker  until  it  gains  either  the  left  or  right  doiso-lateral  asju'ct 
of  the  latter,  beyond  wliich  it  proceeds  in  a  moie  direct  couise  to  it«^ 
pomt  of  ])ifurcation.      In  the  second  type  (fig.  G3),to  which  '^  of  tlie 
5  specimens  confoinuMl.  the  esophagus  passes  from  its  point  of  oii.ri„ 
in  a  dnection  cau.hul  and  ut  the  same  time  more  or  less  ventrad  f.M  -, 
variable  distance.     It  th.M,  abruptly  <Ioubles  back  on  itself,  .les,-,ibin.r 
a  U-shaped  course  in  .\nnit   ll.e  median  sagittal  plane  of  the  bodv"! 
The  dorsal  hmb  of  the  U  (piiekly  assumes  a  more  or  less  direct  coui^e 
donsad  to  the  point  of  iis  bifurcation. 

From  thrir  point  of  <.Mgin  the  intestinal  eeea  pass  at  first  almost 
lionzontally  lat(>rad.  then  curve  gently  latero-caudad  and  slightly 
ventnui  to  reach  a,  point  about  U.IVA  mm.  from  the  bodv  wall  Occa- 
sionally one  or  ]>oth  ceca  may  arch  slightly  cephalad  of  their  point  of 
ong.n  as  they  jmss  laterad.  The  ceca  terminate  at  slighijv  .lillerent 
hn-eis,  but  cN,se  to  the  dorso-lateral  aspeet  of  the  aeetnbulnn,  and  a 
''^  ''  <•''><•;•<•  the  ,,l..,ne  of  the  rand.l  margin  <.f  the  latter.  In  their 
path  .-amla.!  th<>  c,.ea  describe  a  Wavy  course  approximately  parallel 
<•'  >l'<'  dorso-lateral  aspect  of  the  body  wall   (fi<rs    61    (V>)      ' 

''''"'  .'"'";•"  "'■  "'<•  <-so|.l.agus  is'hne.l  witl.  a  Vont  n.ual  .on  of 
<'"'  '■"""■l-l'l^-    lny<.r<.f  thesneker.      The  n.test  ines  are  lined  wit  h  a 
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Fig.  63. 


layer  of  epithelium,  which  begins  abruptly  at  the  bifurcation  of  the 
esophagus. 

Genital  organs.— Excepting  the  vitellaria,  both  the  male  and  the 
female  genital  organs  are  situated  in  the  intercecal  area. 

Male  organs. — The  testes  are  in  the  zone  immediately  caudad  of 
the  equatorial  plane,  one 
on  either  side  of  the  median 
sagittal  plane.  Further 
than  this,  however,  the  re- 
lation which  they  bear  one 
to  tlie  other  and  to  the 
acetabulum  is  subject  to 
marked  variation.  Their 
superior  (cephalic)  mar- 
gins may  be  in  the  same 
(3  specimens)  or  in  differ- 
ent (2  specimens)  trans- 
verse planes ;  in  2  specimens 
in  wliich  the  latter  condition  obtained  the  superior  margin  of  the  left 
testis  was  0.2  mm.  cephalad  of  that  of  the  right  in  one  case,  while  in 
the  other  it  was  the  superior  margin  of  the  right  testis  that  was 
cephalad  of  that  of  the  left,  and  in  this  instance  the  difference  was 

0.26  mm.  Further- 
more, in  each  of  these 
2  specimens  the 
higher  (cephalad)  tes- 
tis was  also  the  far- 
ther dorsad.  In  2  of 
the  3  specimens  in 
which  the  superior 
margins  of  the  testes 
were  found  in  the 
same  transverse  plane 
the  right  testis  was  a 
little  farther  dorsad 
than  the  left;  in  the 
third  of  these  speci- 
mens both  testes  were 
in  about  the  same 
frontal  plane.  It  may 
be  observed  in  this 
connection  that  a  certain  relation  appears  to  exist  between  the  posi- 
tion of  the  testes  and  that  of  the  ovary  and  shell  gland,  namely,  in  4 
of  the  5  specimens  in  which  one  of  the  testes  was  placed  farther  dor- 
sad than  the  other  the  ovary  and  shell  gland  were  found  on  that  side 
of  the  median  sagittal  plane  to  which  the  dorsally  placed  testis  belonged. 
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In  2  of  the  specimens  the  testes  were  immediately  cephahid  of  the 
superior  margin  of  the  acetabulmii;  in  2  others  they  were  inmie- 
diately  caiidad  of  this  level,  and  in  a  fifth  they  were  at  this  level. 
They  are  greatly  branched,  caidiflower-like  in  sections,  and  differ 
slightly  in  size  in  the  same  and  in  different  specimens,  Measure- 
ments, from  projections,  of  the  left  testis  in  one  of  these  worms  gave 
1.2  mm.  for  the  greatest  dorso-A'entral,  0.6  mm.  for  the  greatest 
transverse,  and  0.64  mm.  for  the  greatest  longitudinal  diameter.  A 
vas  efferens  arises  from  the  external  lateral  aspect  of  each  testis; 
these  unite  to  form  the  vas  deferens.  The  point  of  union  of  the  vasa 
efferentia  is  generally  at  about  the  same  level  as  the  ])()int  of  origin 
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of  one  or  liolh  tlie  vasa  efferentia  .-ind  more  or  less  dorsiid  of  the  mid 
j)oint  in  the  vcntro-dorsal  dianieter.  Tlic  i)ath  ))iiisu('(l  lu-tween  their 
|)oiiit  of  origin  and  lh<>ii-  union  is  pccnliar  and  dillVrs  from  that  in 
any  of  tlic  other  forms  studied.  Kacli  vas  at  first  ])ass('s  intMlio- 
(•(•])lialo-d()rsa(l  for  a  variable  distance,  in  some  of  the  specimens  con- 
si(|<'rably  al>oV(«  tlie  suj)erior  margin  of  th(>  testis  (figs.  61,  62)  from 
wliieli  one  or  both  originates.  Each  I  lien  turns  caudad,  describing  a 
more  or  less  well-marked  curve,  M'itli  its  convc'xity  eephalad,  and  then 
proceeds  medio-doiso-eaudad  to  a])out  the  level  at  wliicli  one  or  both 
originated,  where  they  pass  moic  or  loss  directlj^  inward  to  unite,  as 
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has  already  been  said,  in  the  formation  of  the  vas  deferens.  The 
vasa  are  fairly  thick-walled  ducts,  measuring  60  to  75  /«  in  diameter 
in  one  of  the  specimens. 

The  vas  deferens  is  very  highly  developed  and  occupies  most  of 
the  space  in  the  axial  region  of  the  body  between  the  intestinal  ceca 
cephalad  of  the  testes.  As  in  the  other  forms  of  this  group,  it  is 
clearly  differentiated  into  four  portions.  The  first  portion,  or  vesi- 
cula,  is  an  intricately  coiled,  thin-Walled,  and  but  slightly  dilated  duct, 
which  is  succeeded  by  a  strikingly  large,  thick,  muscular-walled  second 
portion,  or  pars  musculosa,  which  measured  0.4  mm.  in  diameter,  with 
a  thickness  of  Wall  of  0.15  mm.  in  one  specimen.  The  change  from 
vesicula  to  musculosa  is  abrupt  and  Is  marked  not  only  by  the 
enormous  increase  in  the  diameter  of  the  duct  and  in  the  thickness 
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of  its  wall,  but  by  the  interposition  of  a  short  section,  wliich  from  its 
arrangement  probably  serves  the  i)urpose  of  a  valve.  This  vah^lar 
segment — or  pars  intermedia  {p.  i.,  fig.  68),  as  it  maybe  designated — is 
a  direct  continuation  of  the  vesicula,  but  the  caliber  of  its  liunen  is 
greatly  reduced,  its  walls  are  thick  and  muscular,  but  its  total  diam- 
eter is  little,  if  at  all,  greater  than  that  of  the  vesicula.  Its  distal  end 
pierces  the  enormously  thick  muscidar  wall  of  the  pars  musculosa, 
into  the  lumen  of  which  it  projects  in  a  manner  resembling  the  pro- 
jection of  the  cervical  portion  of  the  uterus  into  the  human  vagina. 
The  musculosa  is  compactly  coiled;  the  windings  run  in  a  vertical 
direction  and,  unlike  those  of  the  vesicula,  can  be  traced  \nthout 
much  (lifricidty.  The  musculosa  is  succeeded  by  the  pars  prostatica; 
the  change  from  one  to  the  other  is  marked  by  a  structure  suggesting 
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a  valvular  fimction  (fig.  67).  Except  that  there  is  not  mterposed  an  i 
intermediate  section  between  the  musculosa  and  the  prostatica,  the  ^ 
valve-like  arrangement  appears  to  be  exactly  like  that  at  the  jmic-  ;^ 
tion  of  vesicula  and  musculosa,  with  the  further  difference  that  the  | 
former  is  considerably  smaller  in  diameter.  As  this  pomt  is  ap-  ) 
preached,  the  musculosa  becomes  gradually  reduced  in  diameter  and  | 
its  wall  in  thickness.  The  prostatica  is  not  coiled;  it  pursues  an  ; 
almost  straight  or  slightly  sinuous  course  ventrad  or  cephalo-ventrad.  j 
In  the  latter  case  it  describes  a  slight  cui-ve  in  a  sagittal  plane,  with  | 
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the  coTivexity  of   the  curve  cei>halii(l.      Tliioughoiit    its  length  it   is 
inclosed  in  a  mass  of  cells;  in  piojection  of  one  sjH'cinicn  the  i)r()sta-  j 
tica  measured  1.2  mm.  in  lcnL:tli. 

The  diiiineter  of  this  ])()rtion  of  the  vas  deferens  ])ecomes  gradually  j 
ictlnced  in  its  conrse  ventiad.  T1h»  r<Mlnction  is  for  the  most  ]iart  at  j 
the  expense  of  the  Innien.  for  tlu^  Walls  remain  highly  nnisenlar  and  i 
hut  slightly  reduced  in  thickness.  The  i)ars  ])rostatiea  is  succeeded  i 
by  the  fourth  oi-  t(>iininal  |)ortionof  the  vas  deferens.  This  j)ortion,  i 
or  ductus  ejaculatoiius,  is  a.  direct  coni  iiuiat  ion  of  the  prostatica,  the  j 
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change  from  one  to  the  other  being  defined  only  by  the-  cessation  of 
the  cell  mass  characteristic  of  the  prostatica.  It  passes  dhectly 
v^entrad  and  opens  by  a  minute  pore  into  the  dorsal  dilated  vesicle- 
like portion  of  the  ductus  hermaphroditicus  unmediately  above  and 
quite  separate  from  the  aperture  of  the  metraterm  (fig.  62).  It 
measures  about  0.24  mm.  in  length  in  one  specimen.  The  ductus 
hermaphroditicus  is  a  delicate  duct  which  pierces  the  axial  region  of 
the  genital  papilla  to  open  externally  as  the  poms  hermaphroditicus. 
It  leads  from  an  atriimi  or  vesicle  which  may  perhaps  be  regarded  as 
the  dilated  internal  extremity  of  the  duct.  Into  this  vesicle  or 
atrium  there  open  the  ductus  ejaculatorius  and  the  metraterm. 
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Female  organs. — The  ovary  varies  somewhat  in  size,  form,  and 
position,  and  in  its  relation  to  the  shell  gland.  It  is  considerably 
smaller  than  either  testis,  close  to  one  of  wliich  it  is  placed.  In  3  of 
5  specimens  studied  the  ovary  was  on  the  right  side  of  the  median 
Ime  close  to  the  ventro-mesio-caudal  aspect  of  the  right  testis;  in  the 
other  2  specimens  it  was  on  the  left  side,  in  one  slightly  caudad  of 
the  testis  and  in  the  other  close  to  the  ventro-mesio-caudal  aspect  of 
the  left  testis.  The  shell  gland  is  smaller  than  the  ovaiy  but  like  the 
hitter  varies  somewhat  in  size,  form,  and  position;  in  4  of  5  speci- 
mens it  was  close  to  the  mesio-dorso-caudal  aspect  of  the  ovary;  in 
the  fifth  specimen  it  lay  close  to  the  mesio-cephalic  aspect  of  the 
ovaiy.  The  oviduct  springs  from  the  dorsal  pole  of  the  ovary  and 
13893— Bull.  GO— 10 7 
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passes  to  the  shell  gland  which  it  penetrates  at  some  point  on  its 
dorsal  aspect,  describing  in  its  more  or  less  horizontal  course  a  well- 
niaikctl  curve  with  its  convexity  dorsad. 

Laurer's  canal  leaves  the  oviduct  from  some  point  more  or  less 
close  to  the  shell  gland  and  opens  on  the  dorsum  by  a  minute  pore 
slightly  to  the  right  (twice)  or  to  the  left  (fig.  70)  (three  times)  of 
the  median  line  and  from  about  60/t  to  320,u  cephalad  of  the  excretory 
pore.  It  will  be  remembered  that  in  the  5  specimens  studied  the 
ovary  was  found  on  the  right  side  in  3 ;  in  1  only  of  these  3  specimens 
did  Laurer's  canal  open  to  the  right  of  the  median  lino,  in  the  other  2 
it  opened  to  the  left  of  this  line.  In  the  2  of  the  .5  specimens  in  which 
the  ovary  was  found  on  the  left  side,  Laurer's  canal  opened  on  the 
left  side  in  one  and  to  the  right  in  the  other.     Tt  may  therefore  be 

easily  understood 
u^  that  the  path  de- 

scribed by  Lau- 
rer's canal  in  its 
course  to  the  dor- 
sal o])ening  varies 
widel}'.  In  gen- 
eral it  may  be  said 
that  this  canal, 
after  leaving  the 
oviduct,  passes  di- 
agonally to  the 
other  side  of  the 
median  line  over 
the  excretory 
vesicle  to  gain  tiie 
dorsal  asj)t'ct  of 
the  latter,  tiien 
proceeds  dorso- 
caudad  to  the  opening  on  the  dorsal  surface.  In  the  minority  of  cases 
(2  in  5)  the  canal  remains  on  the  side  (either  right  or  h^ft )  in  which 
it  takes  origin,  skirts  the  lateral  margin  of  the  excretory  vesicle  as  it 
proceeds  dorso-caudad,  gains  the  dorsal  aspect  of  the  vesicle  and 
opens  on  the  dorsal  surface  on  the  same  side  of  the  median  line  with 
its  point  of  origin. 

The  vitellaria,  consisting  of  sparsely  scattered  insignificant  follicle-s, 
(H'cnjn-  the  lateral  fields  of  the  body  external  to  the  intestinal  ceca. 
They  extcMid  longitudinally  from  about  the  level  of  the  eciuator  of  the 
sucker  to  about  the  lev(>l  of  the  cecal  extremities  of  the  intestines.  A 
duct  lcav(>s  each  gland  at  a  i>oint  a  little  caudad  of  the  level  of  the 
sujierior  margin  of  the  acetabulum  and  ]iasses  transversely  inward 
Willi  a  more  or  less  marked  tilt  cej)hala(l,  vent  rally  of  the  coriH'spontl- 
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ing  testis,  to  unite  with  its  fellow  close  to  the  caudo-ventral  aspect  of 
the  shell' gland.     From  their  point  of  union  a  duct  passes  dorsad 
skirting  the  caudal  or  one  of  the  caudo-lateral  margins  of  the  shell 
o-land  t'o  penetrate  the  latter  at  some  point  at  its  caudo-dorsal  aspect. 
^  Within  the  shell  gland  this  vitello-duct  joins  with  the  oviduct  to 
form  a  common  canal  which  almost  immediately  forms  a  fusiform 
ootype      The  direction  of  the  ootype  is  ventrad  or  ventro-cephalad, 
sometimes  with  a  slight  tilt  to  either  the  right  or  left.     The  ootype  is 
continued  as  the  uterus  which  emerges  at  some  point  on  the  ventral 
or  ventro-lateral  aspect  of  the  shell  gland.     After  emerging  the  uterus 
forms  some  coils  ventrad  or  ventro-mediad  of  the  shell  gland;  it  then 
winds  its  way  dorsad  over  the  excretory  vesicle  or  skirts  one  side  of 
the  superior  portion  of  the  latter.     Dorsad  of  the  excretory  vesicle 
several  loops  dip 
caudad;     it    then 
winds  its  way  ceph- 
alad   in    the    dorsal 
part  of  the  median 
field,    then    bends 
ventrad  winding  its 
way  beneath  the 
arch  of  the  vasa  ef- 
fereiitia  close  to  the 
caudal  aspect  of  the 
coiled  pars  muscu- 
losa  to  reach    the 
ventral  aspect  of  the 
latter;    having 
reached    this   point 
the  uterus  bends  ab- 
ruptly cephalad  and 
with  but  few  wind- 
ings maintains  this  relation  to  the  vas  deferens  throughout  the  re- 
mainder of  its  course,  opening,  as  has  already  been  mentioned,  mto 
the  dilated  vesicle-like  portion  of  the  ductus  hermaphroditicus  imme- 
diately beneath  the  opening  of  the  ductus  ejaculatorius. 
Eggs. — Eggs  were  not  observed  in  any  of  the  specimens. 
Excretory  system.— The  excretory  system  is  well  developed.     A 
vesicle  of  moderate  dimensions  lies  dorsally  of  the  acetabulum.     From 
the  dorsal  aspect  of  this  vesicle  from  a  point  which  varies  considerably 
in  position,  but  which  may  be  described  as  at  about  the  junction  of 
the  third  with  the  fourth  quarter  of  the  length  of  the  vesicle,  there 
arises  a  moderately  thick  excretory  duct.     This  duct  of  somewhat 
variable  length  passes  at  a  variable  angle  caudo-dorsad  to  open  in  the 
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median  line  of  the  dorsal  surface  at  or  somewhat  caudad  of  the  level 
of  the  caudal  margin  of  the  aperture  of  the  acetabulum,  and,  as  has 
been  described,  from  60,u  to  320/i  caudad  of  the  aperture  of  Laurer's 
canal. 

ILLUSTRATIONS. 

Fig.  57. — Ventral  aspect  of  P.  cavliorcMs,  copulatorv  :i])paratus 
evaginated.     Enlarged.     Original. 

Fig.  58. — Profile  of  same. 

Fig.  59. — Ventral  aspect,  copulatory  a])i)aratus  invaginated.  En- 
larged.    Original. 

Fig.  60. — Profile  of  same. 

Fig.  61. — Ventral  projection  of  P.  cauliorchis  shown  in  ligs.  57  and 
58.  g.  p.,  position  of  genital  pore;  es.,  esophagus;  i.,  intestinal  ceca; 
0.  s.,  oral  sucker;  ov.,  ovary;  s.  g.,  shell  gland;  t.,  testes;  v.  e.,  vasa 
efferentia.  Uterus  and  vas  deferens  not  shown;  a-a,  h-h,  c-c,  d-d, 
c-e,/-/planes  of  section.    Slightly  diagrammatic.    Enlarged.    Original. 

Fig.  62. — Profile  projection  of  P.  cauliorchis  shown  in  figs.  57  ami 
58.  ac,  acetabulum;  g.  p.,  genital  pore;  d.  e.,  ductus  ejaculatorius; 
es.,  esophagus;  ex.  p.,  excretory  pore;  ex.  v.,  excretory  vesicle; 
g.  pap.,  genital  papilla;  i.,  intestinal  ceca;  L.  c,  Laurer's  canal;  o.  s., 
oral  sucker;  ov.,  ovary;  ;).  m.,pars  musculosa;  p.  p.,  pars  prostatica; 
s.  g.,  shell  gland;  t.,  left  testis;  ut.,  uterus;  v.  <.,  left  vas  oUVrcns; 
V.  s.,  vesicula  seminalis;  a-a,  h-h,  c-c,  d-d,  e-e,  f-f  ]d;incs  of  section. 
Slightly  diagrammatic.     P^nlarged.     Original. 

Fig.  63. --Profile  ])rojection  showing  genital  |);ij)illa  retracted  and 
lips  of  genital  aperture  slightly  ajar.  Let  tering  as  in  tig.  62.  Slight Iv 
diagrammatic.     Enlarged.     Original. 

Fi(}.  64. — Transverse  section  at  a-a,  figs.  (11  and  ()2.  Shows  oral 
sucker  (o.  s.),  perisuctorial  space  {p.  s.  sj>.).  inesenteriiini-hke  strands 
(m.  b.).     Enlarged.     Original. 

Fig.  65, — Transverse  section  at  h  h,  ligs.  61  and  62.  Shows  base  of 
oral  sucker  (o.  s.),  the  esophagus  (es.),  origin  of  intestinal  ceea  (i), 
and  some  vitelline  follicles  {v.  g.).     Enlarged.     Original. 

Fig.  66. — Portion  of  a  transverse  section  to  show  valve  at  jimclion 
of  pars  nmsculosa  {p.  m.)  and  jiars  prostatic  {p.  /).).;  i.,  intestinal 
ceca;  va.,  metrateruL     Enlarged.     Original. 

Fig.  67. — Portion  of  a  transverse  section  at  c  c,  ligs.  61  and  62,  to 
show  evaginated  c()])ulatory  apj)aratus.  g.  jxip.,  genital  |)apilla:  ra., 
metraterm;  uterus  ()/^).     Enlarged.     Original. 

Fig.  68. — Transverse  section  at  </-</,  figs.  61  and  62.  Shows  ]>ars 
mu.sculo.sa  (/>.  ///.),  vesicula  seminalis  {v.  s.),pars  intermedia  (/).  i.), 
valve  at  junction  of  vesicula  and  nmsculosa  (r.  ///.),  uterus  (?//.),  right 
vas  ed'erens  (v.  e.),  intestines  (i.),  anil  vitellaria  {v.  g.).  Enlarged. 
Oriirinal. 
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YiG,  69.— Transverse  section  at  e-e,  figs.  61  and  62.  Shows  position 
and  relations  of  the  cauUflower-like  testes  (t),  uterus  (ut).  Caudal 
margin  of  pars  musculosa  (p.  m.),  arch  of  union  of  the  vasa  efferentia 
{v.  e.),  the  intestinal  ceca  (i.),  and  the  vitellaria  {v.  g.).     Enlarged. 

Original. 

Pig.  70.— Transverse  section  at  /-/,  figs.  5  and  6.  Shows  acetabu- 
lum (ac),  excretory  vesicle  (ex.  v.),  excretory  duct  (ex.  (i.),  Laurer's 
canal  (L.  J.),  vitellaria  (v.g.),  and  intestines  (i.).     Enlarged.     Original. 

PARA5IPHIST0MCM  CRASSUM,  new  species. 

[Figs.  71  to  80.] 

Specific  diagnosis. -Paramphi^tomum  (p.  73):  Body  6.12  to  6.5  mm.  long  by  4.2 
to  4.76  mm.  broad;  color  drab  (alcohol  material);  in  ventral  view  broad  pynform, 
greatest  transverse  diameter  at  junction  of  equatorial  and  caudal  thirds;  tapers  gradu- 
ally cephalad  to  plane  of  genital  pore,  then  abruptly,  then  gradually  to  blunt  oral 
pole-  caudad  it  tapers  rapidlv,  so  that  caudal  margin  is  very  bluntly  rounded;  longi- 
tudinal axis  curved,  convexity  dorsad;  in  transverse  section  transversely  elliptical. 
Surface  with  transverse  grooves,  more  marked  on  venter;  cephalic  cone  with  acne- 
like papillie,  which  become  more  acuminate  and  slender  around  oral  aperture.     Gen- 
ital pore  ventro-median  in  suctorial  zone  at  junction  of  oral  with  second  fifth  of  body; 
at  this  point  there  is  a  slight  ventral  elevation.     Acetabulum  large,  ventral,  3.1  mm. 
in  transverse,  by  2.74  mm.  in  dorso-ventral  diameter,  sunken  into  body,  ca\dty  deep, 
aperture  very  small,  0.5  mm.  in  transverse  diameter,   directed  slightly  ventrad. 
Mouth  subterminal;  oral  sucker  very  large,  1.34  mm.  long,  1.26  mm.  broad,  0.98  mm. 
thick,  its  lumen  broad  and  shallow,  papillated;  perisuctorial  space  narrow;  esophagus 
shorter  than  sucker,   bent   U-shaped,   convexity  ventrad;  ceca  run  at  first  latero- 
cephalad,  then  in  wavv  to  zigzag  course  to  zone  of  acetabular  aperture,  then  turn 
slightly  cephalad  and  end  about  at  equator  of  acetabulum.     Excretory  pore  opens 
at'postovarial  plane;  canal  short,  thick;  vesicle  large,  dorsal  of  acetabulum,  extends 
from  preovarian  plane  into  zone  of  acetabular  aperture,  and  is  crossed  by  Laurer's 

Male  organs.— Testes  large,  cauliflower  like,  in  intercecal  area,  diagonal,  zones  over- 
lap, fields  overlap;  vasa  efferentia  arise  from  lateral  aspect,  run  cephalad,  then  dorso- 
mediad,  uniting  slightly  postequatorial,  in  zone  of  anterior  testis;  vesicula  seminalia 
loosely  coiled; "musculosa  complexly  and  compactly  coiled,  connected  with  vesicu- 
laris  by  a  pars  intermedia;  prostatica  nearly  straight;  ductus  ejaculatorius  pierces  a 
well-developed  muscle  mass  and  opens  with  metraterm  into  a  slit-like  space  at  base  of 
minute  genital  papilla,  and  continued  as  ductus  ejaculatorius,  which  opens  at  apex 

of  genital  papilla. 

Female  organs .—Oxary  dextral  of  median  line,  in  acetabular  zone,  partly  in  testicu- 
lar zone,  in  field  of  anterior  testis,  smaller  than  testis;  shell  gland  dorso-caudad  of 
ovary  and  nearer  median  line;  vitellaria  consist  of  sparsely  scattered  follicles,  extend- 
ing from  plane  of  genital  pore  to  slightly  postcecal;  uterus  extends  in  coils  from  shell 
gknd  cephalad,  turns  caudad  ventrally  of  left  testis,  cephalad  dorsally  of  same,  under 
arch  of  vasa  efferentia,  ventrally  of  vesicle  to  the  same  slit-like  space  into  which  the 
ejaculatorius  discharges;  Laurer's  canal  extends  from  oviduct  dorso-caudad,  crosses 
excretory  vesicle  and  opens  submedian,  about  0.7  mm.  caudad  of  excretory  pore. 

Eggs. — Not  observed. 

Type.— U.S.N .M.  7156  (Coll.  Hassall). 

Habitat.— In  (organ  ?  of)  Bos  indkus,  India. 
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SouKCE  OF  MATERIAL. — The  material  consisted  of  3  specimens 
found  with  other  forms  in  bottle  5775,  collected  by  Doctor  Giles  in 
1893  in  India  (Sanawaar,  Punjab),  from  Bos  indicus.  These  speci- 
mens were  given  the  number  U.S.X.M.  7156. 


EXTERNAL    CHARACTERS. 

Size. — Two  of  the  specimens,  measured  in  glycerin  alcohol,  were 
6.5  mm.  hmg;  the  third  s])ecimen  measured  in  sections  was  6.12 
mm.  long.  The  greatest  transverse  diameter  of  one  of  the  s])eci- 
mens,  measured  in  glycerin  alcohol,  was  4.20  mm.,  wliile  that  of 
another  specimen  measured  in  sections  was  4.76  mm. 
Color. — The  worms  are  of  a  drab  color. 

Form. — The  form  of  these  worms  is  shown  in  fig.  71.  They  some- 
what resemble  Paramphist.  cauliorchis.  The  greatest  transverst^ 
diameter  is  at  about  the  junction  of  the  equatorial  with  the  caudal 
third  of  the  body  length.  P>om  this  region, 
in  the  direction  of  both  poles,  the  l)rea(hh  of 
the  animal  ])ecomes  ])r(»gressively  reihiced, 
rapidly  toward  tlie  caudal  l)t»le,  making  this 
extremity  broad  and  rounded,  more  grachially 
toward  the  oral  ])()le  until  tlie  level  of  the 
genital  pore  is  readied.  Here  tliere  isa  rather 
a])ru])t  reduction  in  the  transverse  diaiiiet(>r, 
J    m^  clearly  shown  in  fig.  71.     Beyond  this  point 

/\C^  ''k'  progressive  reduction  in  l)rea(hli  is  very 

^  gra(hial,  so  that  the  lateral  margins  of  this 

oral  ])ortion  of  the  worm  are  very  nearly 
straight  lines,  whereas  i\w  other  portions  of 
the  lateral  margins  of  the  worm  are  decidedly  curved.  The  dorso- 
ventral  diaineter  is  relatively  shorter  in  this  form  than  in  PavampJi'ist. 
cauliorchis,  so  that  when  viewed  Acnt rally  it  gives  the  iinj)ression  of 
being  more  decidedly  flattened.  N'iewed  in  ])rofile  it  is  seen  that  the 
longitudinal  axis  of  the  worm  is  curved  with  tlie  concavity  of  the 
curve  ventrad.  The  outline  of  the  worm  in  transverse  section  is 
transversely  elli])tical. 

SruFACE.-  The  surface  cuticle  is  without  s])ines  or  hooks,  but  is 
marked  by  transverse  grooves,  which  are  best  (U-lined  ami  deepest  on 
the  V(>ntral  surface.  The  c(>])halic  cone-like  ])ortion  is  beset  by  acne- 
lik(>  i)a|)ilhe.  In  the  region  immediately  around  the  oral  a])(>rtnre 
the  papilla-  become  soniewlial  acuminate  and  ap])ear  slender  and 
somewhat  more  raised  above  the  general  cut  icular  surface. 

(ien'iUil  pore.  In  tli<>  median  line  of  the  v(>ntral  surface,  at  alxxit 
the  junctidM  (if  the  oral  with  the  second  hflh  of  the  body,  there  is  a 
traiisNcrse    hut  1  onhnje-jike  slit,  measuring   in  one  alcohol   s])ccimen 
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about  0  45  mm.  in  length.  This  sUt,  or  sht-Uke  depression,  is  at  the 
vertex  of  a  moderate,  transversely  elongate  elevation,  and  repre- 
sents the  genital  pore.  .     .1        ^1       i- 

Acetahulum.—The  acetabulum  is  large,  and,  as  m  the  other  lorms 
of  this  group,  it  is  in  the  caudal  portion  of  the  body.  Its  relatively 
small  aperture  is  directed  slightly  ventrad  on  account  of  the  curve 
of  the  body  Measurements  taken  from  the  projection  of  one  sec- 
tioned specunen  give  2.74  mm.  as  the  greatest  dorso-ventral  and 
3  10  mm  as  the  greatest  transverse  diameter  of  the  acetabulum, 
with  0  34  mm.  as  the  greatest  verticle  and  about  0.50  mm.  as  the 
greatest  transverse  diameter  of  the  acetabular  aperture.  The  true 
aperture  of  the  acetabulum  is  somewhat  reduced  in  size  by  being 


f,  i  1^ 
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encroached  upon  l)y  folds  of  the  adjacent  body  surface,  much  as  in 
the  case  of  ParampMst.  cauliorchis. 

INTERNAL    ANATOMY. 

Digestive  tract.— The  cephalic  pole  is  marked  by  an  irregularly 
circular  aperture,  measuring  in  section  90/.  by  120/.  m  diameter. 
This  aperture  leads  into  a  shallow  irregular  cavity  which  gives  en- 
trance to  the  oral  sucker.  The  latter  is  a  large  muscular  organ, 
which  in  projection  of  one  specimen  measured  1.34  mm.  m  longitu- 
dinal axis,  0.98  mm.  in  greatest  dorso-ventral  diameter,  and  1.26 
mm.  in  greatest  transverse  diameter.  The  dorsal  and  ventral  wails 
are  thick, measuring  0.46  mm.  and  0.50  mm.  in  thickness, respectively, 
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when  measured  in  the  greatest  dorso-ventral  diameter  of  the  sagittal 
plane.  Laterally  these  muscular  plates  are  thinner  and  continuous 
one  with  the  other.  The  organ  is  inclosed  in  a  narrow  space  in  the 
body  parenchyma  (figs.  74,  75),  in  which  it  is  retained  in  position 
by  attacliments  at  its  two  poles  antl  by  dorsal  and  ventral  niesen- 
terium-hke  strands.  The  lumen  of  the  sucker  is  a  dorso-ventrallv, 
very  narrow,  but  transversely  quite  broad,  cavity.  In  transverse 
sections  it  appears  as  a  transverse  slit  lined  by  a  thin  cuticle-like 
layer,  which  is  beset  by  short  conical  papillae;  the  latter  are  largest 
in  the  oral  half  of  the  lumen,  become  gradually  smaller  and  more 
slender  in  the  direction  of  the  esophageal  end,  near  which  they  disap- 
pear altogether.  The  esophagus  springs  from  the  cautlal  or  basal 
aspect  of   the  sucker,  then  describes  a  more  or  less  well-marked  U- 
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shaped  course  witli  tlie  base  of  the  U  veutrad.  The  caudal  hmb  of 
the  U  is  much  the  longer  and  is  directed  almost  horizoiitallv  dorsad, 
having  only  a  slight  tilt  caudad :  it  divides  into  the  _'  inicstiiml  ccca. 
These  at  first  pass  laterad  with  a  tilt  cephalad  to  a  j)hme  slii,ditly 
above  their  plane  of  origin,  describing  at  the  same  time  a  shght  curve 
having  its  convexity  dorsatl.  After  approaching  the  \ ciitro-lntcral 
aspect  of  the  body  wall,  each  of  tlie  intestinal  tubes  bends  caudad  and 
describes  a  decidedly  wavy,  ahiiost  zigzag,  course  caudad,  a])})roxi- 
mately  ])arallel  to  th(>  l.iter.il  body  wnll  of  th(<  worm.  The  cecal 
extremities  ;ire  directed  xcntrad  close  to  the  sides  of  the  acetabulum 
and  at  about  the  lexci  of  the  up])er  margin  of  tlie  acetabular  aperture. 
The  lumen  of  the  esophagus  is  lined  by  a  cuticle-like  layer  continu- 
ous with  that  of  the  oral  suckcT,  but   terminating  abru])tly   mI    the 
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point  of  origin  of  the  ceca.     The  latter  are  lined  by  an  epithelial 

cell  layer. 

Genital  system. — With  the  exception  of  the  vitellaria,  the  genital 
organs  are  disposed  in  the  intercecal  space. 

Male  organs. — The  testes  are  in  the  equatorial  zone  of  the  worm, 
one  laterad  of  the  other,  and  separated  by  a  moderate  interspace. 
They  are  in  separate  but  more  or  less  overlapping  testicular  zones 
and  fields  (fig.  72).     In  both  of  two  sectioned  specimens  the  right 
testis  was  the  more  cephalad.     In  transverse  sections  the  testes  ap- 
pear to  be  composed  of  numerous  lobules  suggesting  a  cauliflower-like 
appearance  (fig.  78).     From  the  external  aspect  of  each  testis  there 
emerges  a  vas  efferens,  which  tends  at  fkst  cephalad,  then  dorso- 
mediad,  finally  uniting  with  its  fellow  to  form  the  vas  deferens  (fig. 
72).     The  vas  deferens  is  distinctly  divisible  into  a  vesicula,  muscu- 
losa,  prostatica,  and  ductus  ejaculatorius.     The  vesicula  is  loosely 
but  complexly  coiled,  thin  walled,  and  but  slightly  dilated.     It  is 
succeeded  by  a  complexly  and  somewhat  more   compactly  coiled 
musculosa.     The  muscular  walls  of  this  portion  of  the  vas  deferens 
are  well  developed,  but  not  nearly 
so  much  as  in  ParamjjMst.  caulior- 
chis;   measured   at    a  favorable 
point  the  diameter  of  the  duct  was 
0.24  mm.,  with  a  thickness  of  wall 
of  0.067  mm.     There  is  in  this,  as 
in  ParampTiist.  cauliorcMs,  a  short 
intermediate  segment  or  pars  in- 
termedia  between    the   vesicula  fig.  76. 
and  musculosa.     This  segment  is  muscular  but  of  less  diameter  and 
both  much  thinner  walled  and  of  smaller  caliber  than  the  musculosa. 
The  change  from  musculosa  to  prostatica  is  clearly  marked  by  a 
change  in  the  structure  of  the  wall  and  by  the  appearance  of  a  thin 
layer  of  cells  which  inclose  this  third  portion  of  the  vas  deferens. 
The  prostatica   is  not  coiled,  but  pursues  a  direct  course  cephalo- 
ventrad.     As   it    nears    a   prominent  somewhat   globular   muscular 
mass,  which  incloses  the   terminal   genital   (copulatory)   apparatus, 
the  prostatic  cells  are  lost,  and  the  prostatica  now  continues  as  the 
ductus   ejaculatorius.     It  penetrates    this    muscular  mass  in  close 
relation  to  the  dorsal  aspect  of  the  terminal  portion  of  the  uterus. 
Tliis  portion  of  the  male  duct  is  still  of   considerable   caliber   and 
tliin  walled,  giving  the   impression   of  a  vesicle,  but  after  a  very 
short  course  becomes  abruptly  reduced  to  a  relatively  very  narrow 
and  short  canal,  which  is  interpreted  as  opening  with   the   termi- 
nal portion  of  the  uterus  into  a  minute  slit-like  space  at  the  base  of 
a  minute  genital  papilla  (fig.  75).     The  latter  is  pierced  in  its  long 
axis  by  a  very  delicate  canal,  interpreted  as  the  ductus  hermaphro- 
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diticus.  The  genital  papilla  is  interpreted  as  retracted  into  the  body 
of  the  worm.  Leading  from  it  is  a  canal,  which  terminates  at  the 
surface  in  the  genital  pore.  The  walls  of  this  canal  are  indented  as 
seen  in  figure  73.  When  evaginated  a  structure  is  probably  pro- 
duced, which  may  in  a  general  way  resemble  the  corresponding 
structure  in  Parampfdst.  cauliorchis.  The  termination  of  the  ductus 
hermaphroditicus  at  the  vertex  of  the  minute  genital  papilla  is  the 
porus  hermaphroditicus,  and  in  the  evaginated  condition  of  this  ter- 
minal (copulatory)  apparatus  this  pore  would  prol^ably  appear  on 
the  surface.  None  of  the  3  specimens,  the  subject  of  this  study, 
presented  this  structure  in  an  evaginated  state. 


Fig.  77. 

Female  organs. — In  Ixiih  of  ilic  scctioiuMl  spcciniciis  the  ()^•;l^y  was 
to  the  right  of  tlie  median  line  (lig.  7J),  considerably  caudad  of  ili(> 
right  testis.  Its  zone  overlaps  the  zone  of  Ciiudal  portion  of  that  of 
the  left  testis  to  a  variable  extent .  The  ()\  idui  t  arises  from  the  caudal 
aspect  of  the  ovary,  ])asses  in  a  more  or  less  sinuous  course  to  the 
left  toward  (he  shell  gland,  the  right  aspect  of  which  it  penetrates. 
The  shell  gland  lies  a  little  to  the  left  of  the  ovary  in  both  of  the 
sectioned  sixH'iinens.  In  one  of  these  this  ))la('(>s  the  shell  gland  in  the 
median  line,  in  the  other  slightly  to  the  right  of  this  line.  In  both 
of  the  sectioned  specimens  ilic  /one  of  this  gland  slightly  overlaps  the 
candal  j)ortion  of  the  ovarian  zone,  and  in  oni^  also  tlie  caudal  ))ortion 
of  the  left  testicular  zone.  'I'Ik*  coiimion  vit(dlo-duct  |)enet  iat(>s  the 
cau(hil  a.Np(>(t  of  the  shell  gland  and  is  joined  at  an  angle  in  the  sub- 
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itance  of  the  latter  by  the  oviduct  to  form  the  ootvpe  which  is  con- 
inued  as  the  uterus.  ^  The  latter  (fig.  72)  emerges  from  the  cephaUc 
ispect  of  the  gland,  cephalad  of  which  it  describes  some  coils.  It 
;hen  winds  its  way  cephalad  at  first  close  to  the  left  of  the  ovary, 
■hen  toward  the  right  ventrad  of  the  ovary.  It  then  again  turns 
•ephalad,  forming  coils  between  the  ovary  and  the  right  testis,  then 
masses  sinistro-caudad  in  front  of  the  left  testis,  gains  the  left  latero- 
srentro-caudal  aspect  of  this  testis  where,  after  forming  some  coils,  it 
passes  dorsad  and  obliquely  to  the  right  to  gain  a  position  directly 
vrentrad  of  the  dome  of  the  excretory  vesicle.  Here  it  turns,  winding 
its  way  cephalad,  at  first  between  the  dorsum  on  the  one  hand  and 
the  left  testis  and  <jvary  on  the  other,  later  for  a  short  distance 
between  the  dorsum  and  the  right  testis.     It  then  bends  ventrad, 
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Fig.  78. 

passes  to  the  left  of  the  right  testis  beneath  the  transverse  arch 
formed  by  the  union  of  the  vasa  efferentia  and  over  the  left  testis  to 
reach  the  ventral  aspect  of  the  pars  musculosa.  The  uterus  now 
again  bends  and  proceeds  cephalad,  maintaining  throughout  the 
remainder  of  its  course  the  ventral  relation  to  the  pars  musculosa 
and  prostatica.  Its  terminal  portion  greatly  reduced  in  caliber  pene- 
trates, as  already  described,  the  nuiscular  mass  inclosing  the  copula- 
tory  apparatus  and  opens  immediately  beneath  the  ductus  ejacula- 
torius  into  the  minute,  slit-like  space  already  described. 

Laurer's  canal  (fig.  73)  leaves  the  oviduct  just  as  the  latter  is 
about  to  i)enetrato  the  shell  gland.  It  then  proceeds  dorso-caudad, 
skirting  either  the  right  or  the  left  aspect  of  the  excretory  vesicle  in 
about  the  ecpiatorial  /.one  of  the  latter,  and  opens  on  the  dorsal  sur- 
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face  a  little  to  the  right  or  to  the  left  of  the  median  line ;  in  one  sec- 
tioned specimen,  about  0.72  mm.  caudad  of  the  excretory  pore. 

The  vitellogene  glands  consist  <>f  sparsely  scattered  folHcles  in  the 
area  between  the  intestinal  ceca  and  the  ventro-lateral,  lateral,  and 
dorso-lateral  margins  of  the  body.  They  extend  in  a  yertical  (lirec- 
tion  from  about  the  level  of  the  genital  pore  to  a  plane  slightly 
caudad  of  the  cecal  terminations  of  the  intestines.  From  each 
gland  a  duct  passes  more  or  less  directly  transyersely  in^vard,  ventrad 
of  the  corresponding  intestine,  to  imite  \yith  its  fellow  near  the 
ventro-caudal  aspect  of  the  shell  gland,  between  the  latter  and  the 
acetabulum.     PVom  their  ])()int  of  union  a  duct,  the  common  yitello- 
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duct,  j)ass(>s  to  the  shell  gland,  ixmkM  rat  iiig  it  on  its  caudal  asp(>ct   as 
has  already  been  described. 

ExcHETOKY  SYSTEM.  -The  cxcrctory  system  is  well  devcIoj)cd.  A 
fairly  large  excretory  yesiclc  is  situated  between  the  (lorso-cei)halic 
aspect  of  the  acetabulum  and  l\w  dorsum  of  the  woini.  A  little 
caudad  of  the  dome  of  this  vesicle  a  thick  duct  leaves  it  and  passes 
ol)li(|iiely  dorso-cephalad  to  op(Mi  on  the  dorsal  surface  a  little  caudad 
of  the  superior  margin  of  the  acetabulum. 


ii.i.rsri!A  iioNs. 


Fio.  71. — A'eiitiiil  asp<M't.      Enlarged.     Original. 
Fio.  7'J. — \cntial    |)rojection    of   si)ecimen   .shown    in    fig.    7]:ac., 
acetabulum;  y.  p.,  position  of  genital  pore;  es.,  esophagus;  /.,  intes- 
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inal  ceca;  ov.,  ovary;  o.  s.,  oral  sucker;  s.  g.,  shell  gland;  t,  testes; 
.t,  uterus;  v.  e.,  vasa  efFerentia;  a-a,  h-h,  c-c,  d-d,  e-e,  f-f,  planes  of 
ection.     Slightly  diagrammatic.     Enlarged.     Original. 

Fig.  73. Profile  projection  of  same:     ac,  acetabuhmi;  d.  e.,  duc- 

us  ejaculatorius;  es.,  esophagus;  ex.  v.,  excretory  vesicle;  ex.  p.,  excre- 
ory  pore;  i.,  intestines;  L.  c,  Laurer's  canal;  ov.,  ovary;  o.  s.,  oral 
ucker;  j^.  m.,  pars  musculosa;  i).  p.,  pars  prostatica;  s.  g.,  shell  gland; 
.,  right  testis;  ut,  uterus;  v.  e.,  right  vas  efferens;  a-a,  h-h,  c-c, 
Ld^e-e,  f-f,  planes  of  section.     ShgLtly  diagrammatic.     Enlarged. 

)riginal. 

YiQ,  74. — Transverse  section  at  a-a  figs.  72  and  73.  Shows  oral 
lucker  (o.  s.),  perisuctorial  space  {p.  s.  sp.)  and  mesenterium-like 
;trands  (m.  h.).     Enlarged.     Original. 

YiG,  75.— Transverse  section  at  h-h,  figs.  72  and  73.  Shows  caudal 
)ortion  of  oral  sucker  (o.  s.),  perisuctorial  space  (p.  s.  sp.),  ductus 
ijaculatorius  (d.  e.),  and  vitellaria  (v.g.).     Enlarged.     Original. 


Fig.  76.— Portion  of  fig.  75.  To  show  on  a  larger  scale  the  copu- 
latory  apparatus:  d.  c,  ductus  ejaculatorius;  d.  h.,  ductus  hermaph- 
roditicus;  g.  a.,  genital  atrium;  g.  pap.,  genital  papilla.  Enlarged. 
Original. 

Fig.  77.— Transverse  sections  at  c-c,  figs.  72  and  73.  Shows  esoph- 
agus {es.)  forking  into  the  intestinal  ceca  (i.),  the  uterus  {uL),  pars 
musculosa  {p.  m.),  pars  prostatica  {p.  p.),  and  vitellaria  (v.  g.).  En- 
larged.    Original. 

Fig.  78.— Transverse  section  at  d-d,  figs.  72  and  73.  Shows  the 
testes  {t.),  uterus  {ut.),  intestinal  ceca  (i.),  and  vitellaria  (v.  g.).  En- 
larged.    Original. 
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Fig.  79. — Transverse  section  at  e-e,  figs.  72  and  73.  Shows 
excretory  pore  {ex.  j)-),  excretory  vesicle  {ex.  v.),  shell  gland  {s.  g.), 
oviduct  {ov.  d.),  uterus  {ut.},  vitellaria  {v.  g.),  intestinal  ceca  (i.),  and 
acetabulum  {ac).     Enlarged.     Original. 

Fig.  80. — Transverse  section  at  /-/,  figs.  72  and  73.  Shows  pore 
of  Laurer's  canal  {L.  c),  excretory  vesicle  {ex.  v.),  vitellaria  {v.  g.)^ 
intestinal  ceca  {i.),  and  acetabulum  (ac).     Enlarged.     Original. 


in..  M. 


PARAMPHISTOMIM  PAPILLOSIM,  new  spcties. 

[Figs.  81  to  91.1 

Spfxific  diagnosis. — Paramphistomum  (p.  73):  Body  between  5.12  and  6  mm. 
long  by  2.6  mm.  in  maximum  breadth;  gray-brown  ocher  tint  (alcohol  specimen); 
somewhat  conical,  greatest  diameters  (transverse  and  sagittal)  about  at  border  of 
equatorial  and  caudal  thirds;  tapers  gradually  to  quite  a 
blunt  oral  extremity;  caudal  extremity  broadly  rounded 
when  viewed  ventrally  or  dorsally,  but  beveled  on  its  ven- 
tral aspect;  lateral  margins  nearly  straight;  transverse 
section  circular;  surface  coarsely  grooved  transversely,  esf)e- 
cially  on  venter;  oral  pole  with  numerous  very  minute 
conical  papillsp.  Genital  pore  ventro-median,  about  one- 
fourth  the  length  from  oral  margin,  and  at  transverse  plane 
of  caudal  margin  of  pharynx.  Acelabulum  ventro-subter- 
minal,  sunken  beneath  surface,  relatively  large,  l.S  to  1.9 
mm.  in  diameter,  with  small  0.36  mm.  circular  aperture, 
mouth  terminal  crateriform,  closely  beset  with  small  digi- 
tate papillae;  oral  sucker  large,  0.8  mm.  long,  0.9  mm.  broad, 
0.04  mm.  in  sagittal  diameter,  the  oral  two-thirds  of  its 
lumen  with  small  iiapilUe;  esophagus  short,  strongly  flexed 
ventrad,  extends  beyond  genital  pore  about  to  border  be- 
tween oral  and  ecjualorial  thirds  of  body;  intestinal  ceca  very  long,  at  first  trans- 
verse, then  turned  caudad  and  extend  in  very  wavy  course,  each  about  midway 
between  median  line  and  corresponding  lateral  margin,  more 
dorsal  than  ventral,  nearly  or  quite  to  aperture  of  acetabulum; 
slings  distinctly  dorso-ventral  and  somewhat  parallel  lo  body 
wall.  Excretory  pore  dorso-median,  slightly  caudad  of  cephalic 
margin  of  acetabulum  andcephaladof  Laurer's  canal;  excretory 
vesicle  well  developed,  broad;  excretory  canal  arises  about  from 
equator  of  vesicle,  short,  runs  directly  dorsad  to  its  pore. 

Male  organs. — Testes  deeply  branched,  cauliflower  like,  in 
axis  of  equatorial  region  of  body,  cloj^e  together  one  caudo-dorsad 
of  the  other;  each  vas  efferens  arises  from  lateral  aspect,  pas.ses 
cephalo-dorsad,  then  mediad,  uniting  with  its  fellow  somewhat 
cephalo-dorsad  of  anterior  testis  to  form  the  much-coiled  vesi- 
cula  seminalis;  pars  musculosa  thick  walled,  coiled,  ventral  of 
vesicula;  jiars    prostatica    relatively    straight,   passes    ventro-  % 

cei)halad,  ventral  of  esophagus,  is  continued  in  a  short  ductus 
ejaculatorius  which  opensinto  dilated  ductush(>rmaphniditicus; 

the  latter  j)ier(es  the  axial  region  of  genital  |)a])iila,  which  is  separated  fmni  a  papii- 
lated  cylindrical  antecluimlxT  by  a  non]ia))illated  ridge  or  ring;  the  j)a]iillati»d 
chamber  opens  externally  through  the  apparent  genital  pore.     Cirrus  pouch  al)sent. 
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FIG.  83. 
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Fig.  s-1. 
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Female  organs.— Ovary  slightly  sinistral,  slightly  ventral,  immediately  cephalad  of 
acetabulum;  shell  gland  smaller  than  and  dorso-dextro-caudal  of  ovary;  also  slightly 
dextral  of  median  line;  vitellaria  with  sparsely  scattered  small  follicles,  lateral  of  ceca, 
extending  from  base  of  oral  sucker  to  caudal  end 
of  ceca;  uterus  passes  from  shell  gland  ventrad 
caudally  of  ovary,  then  coils  ventrally  of  ovary, 
then  passes  dorsad  between  shell  gland  and  testis 
on  right  of  ovary,  dorsally  around  testes,  ventrad 
beneath  vasa  efferentia,  cephalad  ventrally  of 
vas  deferens,  opening  ventrally  of  ductus  ejacula- 
torius  into  ductus  hermaphroditicus.  Laurer's 
canal  runs  dorso-caudad  at  right  of  excretory 
vesicle  to  a  point  0.4  mm.  caudad  of  excretory 
pore,  and  slightly  dextral  of  median  line. 

Eggs. — Not  observed. 

Type.— U.S. B.A.I.  15025,  sectioned. 

Host. — The  Zebu  (Bos  indicus)  at  Sanawaar, 
Punjab,  India. 

Source  of  material. — This  single  specimen  was  found  in  a  bottle 
with  other  forms  bearing  the  B.  A.  I.  No.  1723;  it  was  renumbered 
15025.     The  label  in  this  bottle  reads  as  follows: 

Name  Amphistomum  crumeni/erum.  Host  Bos  indicus.  Locality  Sanawaar, 
Punjab,  India.  Collected  by  Doctor  Giles.  Date  III.  1S93.  Determined  by  Dr. 
Giles.     Date  III.   1893.     Presented  by  Dr.  Giles.     Date  III.  1893. 


EXTERNAL    CHARACTERS. 


Size. — ^Measured  from  sections  the  worm  was  5.12  mm.  long  and 
2.6  nmi.  in  greatest  width;  in  alcohol  it  was  6  mm.  long. 

Color. — The  worm  was  of  a 
gray-brown  ocher  tint. 

Form. — The  form  of  this 
worm  is  well  shown  in  figs.  81 
and  82.  The  worm  has  a  some- 
what conical  shape,  having  its 
greatest  transverse  and  dorso- 
ventral  diameters  in  the  region 
of  junction  of  the  middle  with 
the  caudal  third  whence  it  tapers 
gradually  to  quite  a  blunt  oral 
extremity.  The  aboral  pole  is 
broad  and  rounded  from  side  to 
side,  but  beveled  on  its  ventral 
aspect  where  it  presents  the  aperture  of  the  acetabulum.  In  trans- 
verse section  the  outline  is  circular. 

Surface. — The  surface  cuticle  is  coarsely  grooved   transversely, 
particularly  on  the  venter.     At  the  oral   pole   there   appear  to  be 
numerous  very  minute  conical  papilla?. 
13893— Bull.  60—10 8 
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Genital  pore. — In  the  median  longitudinal  line  of  the  venter 
about  one-fourth  the  length  from  the  oral  extremity  is  a  small 
aperture,  the  genital  pore,  measuring  about  0.20  mm.  in  diameter. 

Acetabulum. — The  acetabulum  is  in  the  caudal  portion  of  the  bod}^, 
distinctlv  sunken  beneath  the  body  surface  in  the  specimen  examined. 
It  is  relatively  large,  measuring  about  1.8  to  1.9  mm.  in  diameter, 
but  is  provided  with  a  rather  small  circular  aperture  wliich  measures 
0.36  mm.  in  diameter;  the  portion  of  the  rim  of  the  aperture  formed 
hy  the  body  of  the  worm  (as  distinguished  from  the  portion  formed 
by  the  acetabulum)  is  slightly  puckered  (fig.  82). 

INTERNAL    ANATOMY. 

Digestive  tract. — The  oral  pole  of  the  worm  presents  an  irregu- 
larly crateriform  depression,  closely  beset  by  numerous,  small  digi- 
tate prt])illa\  This  dej)res- 
sion  leads  by  a  minute  irreg- 
ularly circular  ajiorturo  into 
a  large  nniscular  oral  sucker. 
The  latter  is  about  0.S6  nun. 
long,  about  0.90  mm.  in 
greatest  width  and  0.64  nun. 
in  greatest  vent ro  -  dorsal 
dianieter;  it  lies  in  a  cavity 
dig.  S.')),  suggestive  of  a  rudi- 
mentary body  cavity,  and  is 
bound  to  the  body  i)aren- 
cliyma  at  its  oral  and  aboral 
])oles  and  l>y  disiinct  ine- 
senteriujn  -  like  hands  on 
both  its  dorsal  and  its  ven- 
tral jnedian  asi)ects.  In  jncdian  sagittal  section  it  is  somewhat 
j)vriform  in  outline;  in  frontal  section  it  is  almost  circular,  while  in 
ti-ansverse  section  (fig.  S.'))  it  is  elliptical  in  outlin(>.  The  muscular 
wall  is  thickest  in  the  vent  lo-dorsal  ;iiiil  lhiniic>t  in  the  transvei-se 
axis.  The  hunen  is  a  transversely  hroad,  tlorso-vcnt rally  narrow 
slit-like  space  and  is  lined  by  a  thin  cuticle-like  layer  seemingly  (no 
sagittal  sections  availnhle  for  coiilirniat  ion )  in  anatomical  continuity 
with  the  surface  cutichv  In  about  t  h(>  ui)|)<'r  (cephalic^  two-thirds 
of  the  lumen  the  lining  is  beset  by  very  small  shMuler  conical  papilhe; 
tiiese  give  to  the  cuticle  a  .serrate  ai)pearance  (transverse  sections), 
with  tli<>  pa])ilhe  of  thedoi-sal  wall  (ittini:  into  the  int(M-spaces  bet  ween 
the  papilla-  of  tlu-  ventral  wall. 

At  the  two  extrejuities  of  the  oral  sucker  th(>  lumen  lu-comes  con- 
tracted so  as  to  form  at   each  en<l  a  small  ciicular  aperture:  at   the 


Fig.  87. 
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caudal  extremity  this  aperture  gives  entrance  into  the  esophagus; 
very  sHghtly  caudally  of  this  point  may  be  distinguished  a  well  de- 
veloped ganglion-complex  (fig.  86),  lying  dorsally  of  the  esophagus 
and  sending  off  strong  nerve  strands  in  various  directions.  The 
esophagus  passes  from  the  base  of  the  sucker  and  describing  a 
U-shaped  course  with  the  base  of  the  U  ventrad,  divides  into  two  intes- 
tines at  about  the  level  of  junction  of  the  cephalic  with  the  middle 
third  of  the  body.  The  intestinal  tubes  pass  one  to  the  right  and 
the  other  to  the  left  in  a  transverse  plane  latero-dorsad  to  a  point 
about  midway  between  the  longitudinal  axis  and  the  body  wall; 
they  then  pursue  a  wavy  course  caudad  (figs.  83,  84),  to  terminate 
by  cecal  extremities  latero-dorsad  of  the  acetabulum  about  in  the 
transverse  plane  of  the  ^ 

upper  (cephalic)  mar- 
gin of  the  aperture  of 
the  acetabulum.  In 
their  wavy  course  cau- 
dad the  ceca  continue 
in  a  general  way  about 
midway  between  the 
longitudinal  body  axis 
and  the  body  wall  but 
approaching  closer  to 
the  dorsal  than  to  the 
ventral  median  longi- 
tudinal line;  further- 
more, the  slings  or 
coils  have  a  distinctly 
dorso- ventral  direc- 
tion (figs.  84,  87,  89,  90)  and  run  somewhat  parallel  to  the  body  wall. 
The  lumen  of  the  esophagus  is  lined  by  a  thick  cuticular  layer,  which 
ceases  abruptly  at  the  point  of  origin  of  the  intestines.  The  latter 
are  lined  by  an  epithelial  cell  layer. 

Genital  system. —  Male  organs. — The  testes,  one  caudad  of  the 
other,  arc  in  the  axial  portion  of  the  equatorial  region  of  the  body, 
though  in  general  slightly  nearer  the  venter  than  the  dorsum  (figs. 
84,  88,  89);  of  the  two,  the  superior  (cephalic)  testis  is  nearer  the 
venter,  and,  being  somewhat  smaller,  is  also  farther  from  the  dorsum 
than  is  the  inferior  (or  caudal)  testis.  The  opposing  aspects  of  the 
testes  are  closely  approximated.  Both  testes  are  much  branched, 
suggesting  a  cauliflower  in  appearance  (figs.  88,  89).  (The  projec- 
tions do  not  show  this  well.)  From  the  right  lateral  aspect  of  the 
caudal,  and  from  the  left  lateral  aspect  of  the  cephalic  testis  there 


Fig.  88. 
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spring  the  corresponding  vasa  efferentia;  these  pass  cephalo-dorsad, 
then  mediad,  describing  an  arch  as  they  unite  a  httle  above  the 
superior  testis  to  form  the  vas  deferens  (fig.  84).  Beneath  tliis  arch, 
and  between  it  and  the  superior  testis,  the  uterus  passes  ventrad. 
The  vas  deferens  presents  at  first  a  much  coiled  thin  walled  portion, 
(vesicula)  the  lumen  of  which  in  the  single  specimen  studied  was  not 
noticeably  dilated.  This  is  succeeded  by  a  coiled  quite  thick  walled 
(45/i)  portion,  pars  musculosa,  measuring  about  150/(  in  diameter, 
which  is  situated  ventro-cephalad  of  the  coiled  thin-walled  portion. 
The  caliber  of  this  muscular  portion  appears  somewhat  greater  than 
that  of  the  vesicula.  The  muscular  portion  is  succeeded  by  a  rela- 
tively straight  pars  prostatica  of  moderate  length,  the  walls  of  which, 
though  thick  and  muscular  at  first,  rapidly  become  thinned  and  are 
inclosed  in  a  mass  of  cells.     This  portion  ])asses  ventro-cephalad, 

being   in    relation    to 
■'f  ,^.-<!^?;t;r^^^^?>^«~Z^^''~*"'^  the  ventral  aspect  of 

the  esophagus,  and  in 
still  closer  relation  to 
the  dorsal  aspect  of 
the  terminal  portion 
^  of  the  uterus;  it  is 
fmally  succeeded  by  a 
short  duct  (by  homol- 
ogy, the  ductus  ejacu- 
latorius)  not  inclosed 
in  ])rostati('  cells  and 
opens  by  a  minute  pore 
imjuediately  a  b  o  ve 
the  metraterm  into  a 
small  slit-like  atrium 
at  the  base  of  the  gen- 
ital papilla.  This  atrium  may  be  regarded  as  the  dilated  (h)rsal  jxtrtion 
of  the  ductus  hermaphroditicus  which  juerces  the  axial  region  of  tiie 
genital  i)apilla.  The  genital  papilla  is  embraced  by  a  ring,  one  aspect 
of  which  is  ai)])lie(i  to  it  and  sej^arated  from  it  only  by  a  narrow  slit; 
the  other  asi)ect  foiius  lh(>  doisal  wall  of  a  relatively  large  cylindrical 
atrium  (figs.  S4,  S()) ;  this  latter  is  beset  by  small  papiihe  (hence  the  si)e- 
cific  name  papillosuni),  which  do  not  occur,  howevei-,  on  either  siirface 
of  the  ring  embracing  tiie  genital  |)apilla.  The  genital  por(>  gives 
entrance  and  exit  to  this  chamber,  and,  as  will  be  seen  from  figure  84, 
it  is  at  or  slightly  caudad  of  (he  level  of  the  base  (»f  the  oral  sucker. 
Female  organs. — The  ovary  is  in  the  axial  region  of  the  body, 
though  a  little  to  the  left  of  the  median  sagittal  i)lane,  and  a  little 
nearer  to  the  venter  than  to  the  dorsum  and  just  above  (cephalad  of) 
the    acetabulujn.     From   its   dorso-mcdian   aspect   there   arises   the 
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oviduct  which  passes  to  the  right  an.l  dorso-caudad  toward  the  shell 
gLnd.     The  shell  gland,  somewhat  smaller  than  the  ovary    hes  a 
httle  to  the  right,  and  a  little  dorso-caudad  of  the  ovary  (figs.  83   84, 
1  0    and  also  slightly  to  the  right  of  the  median  sagittal  plane  of  the 
bodv  of  the  worm.     It  is  penetrated  on  its  dorso-med.an  aspect  by 
the   oviduct   and   on  its   dorso-caudal   aspect   by   the  vitello-duct. 
These  unite  in  the  substance  of  the  shell  gland  to  form  the  ootype 
which  is  continued  as  the  uterus,  the  latter  emerging  from  the  ventral 
Ispect  of  the  gland  (fig.  90).     Laurer's  canal  leaves  the  oviduct  ]us 
Sore  the  latter  penetrates  the  shell  gland;  it  then  passes  to  the  ngh 
and  dorso-caudad,  skirting  the  upper  portion  of    the  right  lateral 
a^ect  of  the  excretory  vesicle  (figs.  84,  91),  and  opens  on  the  dorsum 

about  0.40  mm. 
caudad  of  the  excre- 
tory pore,  slightly 

to  the  right  of  the 

median  line. 

The     vitellogene 

glands,     composed 

of  sparsely  scat- 
tered   insignificant 

follicles,  lie  in  the 

lateral  regions  of  the 

body  between   the 

intestinal  ceca  and 

the      body     walls. 

They  extend  longi- 

tudinally      from 

about  the  level  of 

the  base  of  the  oral  . 

sucker  to  the  level  of  the  termination  of  the  intestmal  ceca.     l^rom 

each  gland  there  arises  a  duct,  which  passes  transversely  inward  ven- 
t rally  of  the  intestines;  the  two  unite  at  the  level  of  the  superior 
margin  of  the  acetabulum  and  close  to  the  ventro-median  aspect  ot 
the  shell  o-land.  From  their  point  of  union  a  duct  is  given  off  which 
skirts  the  caudal  aspect  of  the  shell  gland,  penetratmg  the  latter  at 
the  caudo-dorsal  aspect. 

The  uterus,  as  already  described,  emerges  from  the  ventral  aspect 
of  the  shell  gland  (fig.  90),  passes  ventrad,  then  for  a  short  distance 
cephalad  forming  some  coils  ventrally  of  both  ovary  and  shel  glanc  ; 
it  then  passes  dorsad  to  the  right  of  the  ovary  and  between  the  shell 
gland  and  caudal  testis.  Having  reached  the  space  between  the 
caudal  testis  and  dorsum  it  passes  cephalad  behmd  (dorsally  ot) 
both  testes,  then  ventrad  above  (cephalad  of)  the  superior  testis 
and  beneath  the  arch  of  union  of  the  vasa  efferentia,  to  gam  the  ven- 
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tral  aspect  of  the  coil  formed  by  the  pars  musculosa.  It  next  passes 
in  a  general  way  cephalad  and  reaches  the  ventral  aspect  of  the  pars 
prostatica;  this  relation  it  maintains  in  the  remainder  of  its  course 
ventro-cephalad  to  terminate  by  a  minute  pore  immediatelv  beneath 
the  pore  of  the  ductus  ejaculatorius  in  the  manner  already  described. 
In  its  course  the  uterus  is  moderately  coUed.  Neither  eo^o-g  nor 
spermatozoa  were  observed  in  its  lumen. 

ExciiETORY  SYSTEM. — The  cxcretory  vesicle  (figs.  84,  90,  91) 
lies  dorsally  of  the  acetabulum  between  the  terminal  portions  of  the 
intestinal  ceca.  Its  transverse  diameter  is  greater  than  its  ventro- 
dorsal diameter;  it  discharges  by  a  thick  walled  duct  which  arises 
from  about  the  middle  of  its  dorsal  aspect;  this  duct  passes  almost 
directly  dorsad   to  open,  in   the   median   line,  somewhat    (about  0.28 


Fig.  91. 


iiHii.)   below  the  level   of  the    upper  margin   of  (he  acet abiilum,  iiiul 
about  0.4   Mini,  cephalad   of  the   pore  of   Laur(M''s  canal. 


iLLUS'rirvrioNs. 

Fig.  81.— Ventral  aspect.     Enlarged.     Original. 

Fig.  82. — Profile  of  .same.     Enlarged.     Original. 

Fig.  8:^. — Ventral  projection  of  specimen  shown  in  figs.  81  and  82: 
ac,  acetahiihiin;  rj.  p.,  genital  pore;  es.,  esophagus;  /.,  intestinal 
ceca;  or.,  ovary;  o.  s.,  oral  sucker;  /).  m.,  pars  musculosa;  />.  />..  pars 
prostatica;  .s.  g.,  shell  gland;  /.,  testes;  uL,  uterus;  v.  e.,  vasa  ellerentia. 
a~<i,  h~h,  c-c,  d-d,  e-e,f-f,  g-g,  planes  of  section.  Slightly  diagram- 
matic.     iMiIarged.     Orii^inal. 
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Fig  84  -Proffle  projection  of  specimen  shown  in  figs.  81  and  82: 
ac,  acetabnlum;  i.  K  ductus  hermaphroditicus;  ^^^^ 
ex  p  excretory  pore;  ex.  v.,  exaretory  vesicle;  ».,  intestine,  L  c 
Laurer's  canal;":,/,  ovary;  o.  .oral  -^^^^ -'  f '^^^^^^t?' 
p.  f.,  pai-s  prostatica;  s.  g.,  shell  gland;  t  testes,  ut  ^^'^^''■J-' 
vas  efterens  f.  s.,  vesicula  seminalis;  a-a,  lyh,  e-c,  d-d  e-e^f-f,  g-g, 
;^nf  :n;ction.     SUghtly  diagrammatic.     Enlarged.     Ongma  . 

Fig  85— Transverse  section  at  a-a,  figs.  83  and  84.  bho^^s  oral 
sucker  (0.  ..),and  perisuctorial  space  (,  ..  .p.)^     Enlarged.     Orgine^L 

Fig  86.-Transverse  section  through  l-h  figs.  83  and  84.  bhows 
papiUated  genital  ventral  chamber  {g.  a.  c),  genital  dorsa  chamber 
y;  a  )  -nital  papilla  (g.  pap.),  esophagus  (...),  esophageal  ganglion 
(,  a)!andvitellaria(i'.^.).     Enlarged.     Origmal. 

Fig  87  -Transverse  section  at  c-c  figs.  83  and  84.  Shows  uterus 
int.),  pars  musculosa  (p.  m.),  intestinal  ceca  (i),  and  vitellaria  (r.  g.). 

Enlarged.     Original.  Qhow^ 

Fig  88.-Transverse  section  at  d-d  figs.  83  and  84.  Sho^^s 
superior  testis  (/.),  intestines  (i.),  uterus  (u^.),  right  vas  efferens 
(/..d.),  and  vitellaria  (..^.).     Enlarged.     Original. 

Fig  89.-Transverse  section  at  .-.  figs.  83  and  84.  Shows  caudal 
testis  \t ),  origin  of  right  vas  efferens  (r.  ..  d.),  uterus  (u^.),  mtestmes 
(i)    and  vitellaria  (i'.f/.).     Enlarged.     Origmah 

Fig   90  -Transverse  section  at /-/figs.  83  and  84.     Shows  uterus 

(ut)    ric^ht  transverse  vitello-duct  {t.  v.  d.),  caudal  portion  of  ovary 

Zv)    shell  eland   {s.  g.),  Laurer's  canal   {L.   c),  excretory  vesicle 

';.      intesrines\i.)'  and  vitellaria  (..  ,.)•     Enlarged.     Original. 

Fig   91 -Transverse    section    at    g-g    figs.    83    and    84      Shows 
acetabulum  (ac),  intestines  (L),  ^-^^^^ory  vesicle  (.x...)L^^^^^^^^^^ 
canal  (L.  c),  excretory  pore  {ex.  p.),  and  vitellaria  (v.  g.).     Enlarged. 

^^^^         ■  PARAMPHISTOMUM  INDICUM,  new  species. 


[Figs.  92  to  102.] 


Specific  T>iAG^osis.-Paramphistomum  (p.  73):  Body  5.25  to  9  5  mm  long  by  2 
to  3  mm    in  maximum  breadth;  gray-brown  ochre  (alcohol  specimens);  somewhat 
ronic^greatest  transverse  diameter  about  at  border  of  equatoria   and  caudal  thirds 
taTrs  moderately  to  blunt,  almost  truncated  oral  extremity ;  caudal  extrem:  y  rounded 
r:rr:?  view 'but  with  tendency  to  beveled  ventro-lateral  ^^^^^  ^ 
lateral  margins  nearly  straight  to  slightly  curved;  body  bent,  Mith  ^<:"ter  ra  her 
tonl   concave  (longitudinally)  and  dorsum  convex,  transverse  section  circula 
."riorlv   but  with  greater  transverse  than  dorso-ventral  diameter  from  near  genital 
i^re   o     ome  distance  caudad,  then  the  dorso-ventral  diameter  becomes  the  greater. 
Tr  at  rrelv  wrinkled  transversely;  cephalic  half  provided  with  iiregular,  trans- 
vei Tows  of  papilla,  which  are  more  numerous,  acutely  conical  in  circumoral  region 
; rmore  scattered,  shorter,  broader,  and  blunt  elsewhere,     ^-mtd  pore  vent 
median  about  at  border  between  cephalic  and  equatorial  thirds  of  body    ^a^dad  o 
"ophagus,  but  nearer  to  this  than  to  anterior  testis,    ^/^^f  ^^^-J/Xreath  s^  ace 
ture  appears  ventro-subterminal  because  of  curvature  of  body,  sunken  beneath  .urface. 
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rather  large,  1 .6  mm.  in  longitudinal  diameter,  very  slightly  less  in  transverse  diameter, 
with  rather  circular  to  somewhat  irregular,  0.53  mm.  toO.65  mm.  aperture  which  appears 
ventrad  and  slightly  caudad.  Mouth  terminal,  hour-glass  form,  provided  with  papil- 
la*; oral  sucker  large,  oval,  0.96  mm.  long,  0.84  mm.  broad,  0.58  mm.  in  greatest  dorso- 
ventral  diameter,  the  oral  two-thirds  of  its  lumen  with  small 
blunt  papillae;  esophagus  about  half  as  long  as  sucker,  at  first 
directed  caudad,  then  suddenly  dorsad,  does  not  extend  to 
genital  pore;  intestinal  ceca  long,  pursue  dorso-ventrally  wa\^ 
course  about  to  anterior  margin  of  aperture  of  acetabulum. 
Excretory  pore  dorso-median,  cephalad  of  acetabulum,  about 
on  caudal  plane  of  caudal  testis,  and  about  1  mm.  cephalad  of 
/  \         pore  of  Laurer's  canal;  excretory  duct  short,  runs  from  pore  to 

/  dorso-cephalic  aspect  of  very  large  excretory  vesicle  which  lies 

dorsally  of  cephalic  portion  of  acetabulum. 

J  ^^a^eor^rans.-  Testes  deeply  notched  (lobulated),  in  transverse 

i        section  cauliflower  like,  in  axis  of  body,  one  caudad  of  the  other, 

j       slightly  caudad  of  equatorial  plane,  very  slightly  nearer  to  venter 

I  I       than  to  dorsum,  one  very  slightly  nearer  each  lateral  margin  than 

I  jii^  j        is  the  other;  each  vas  efferens  arises  from  doi-sal  aspect  of  testis, 

^^  passes  cephalo-mediad,  unites  with  its  fellow  about  0.5  mm! 

J  cephalad  of  superior  testis  to  form  vas  deferens;  vesicula  semi- 

"iilis  and  pars  musculosa  both  much  coiled  and  extend  in  ven- 

Ik;. '.t2.  trocephalic  direction;   pars    prostatica  short,   nearly  straight, 

directed  ventrad;    pars  ejaculatorius  very  short,  unites  with 

metraterm    dorsally  of  pore    to    form    ductus   hcrniai)liroditicus,   which    pierces  a 

email    pajjilla    to    discharge   into    a    narrow    noMi)a]>illated  atrium,  which  in  turn 

discharges  at  the  genital  pore;  cirrus  pouch  absent. 

Female  organs:  Ovary  right  or  left  of  median  line, 
just  cephalad  of  acetabulum;  shell  gland  smaller, 
dorso-median  and  slightly  caudad  of  ovary;  vitellaria 
with  sparsely  scattered,  very  small  follicles,  lateral 
to  dorso-lateral  of  ceca,  from  base  of  oral  sucker  to 
cephalic  margin  of  acetabulum  (not  quite  to  end  of 
ceca);  uterus  passes  in  wavy  course  ventrally  of  shell 
gland,  dorsad  caudally  of  posterior  testis,  cephalad  of 
both  testes,  ventrad  under  arch  of  vasa  efferentia, 
cephalad  ventrally  of  vas  deferens,  to  ductus  herma- 
phroditicus;  Laurer's  canal  arises  from  oviduct  about 
midway  l)etween  ovary  and  shell  gland,  runs  dorso- 
caudad  at  right  of  excretory  vesicle  to  ]>ore  situated  on 
dorsum,  0.8  to  I.O  mm.  caudad  of  excretory  pore,  and 
either  median  or  very  slightly  to  the  right  of  median 
line. 
£ggs:  Not  observed. 

Type.— U.S. B.A.I.  172;};  cotype  U.S. N.M.  5775. 
Host.— The  Zebu  (Bos  in(licus)hi  Punjab,  India. 

Source  of  material. — These  woini.s  ^v(M•(^ 
found  widi  some  other  forms  in  2  bottles, 
beaiingthomimheis  "R.A.T.  17l\3"  nnd  "r.S..\.>r.  r>77r,."  re.spec- 
tively.  Tlie  oll.,>r  niatciinl  in  (iiiesli..ii  has  Wvu  separatcl  out  and 
renumbered. 
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Fig.  90. 


EXTERNAL    CHARACTERS. 

Size.— The  alcohol  preserved  specimens— 14  in  all— measured  from 
5.25  to  9.5  mm.  in  length.  On  account  of  the  damaged  condition  of 
5*of  them  the  width  could  be  measured  in  8  only,  and  in  these  the 
maximum  breadth  varied  from  2  to 
3  mm. 

Color. — The  worms  are  of  a  gray- 
brown  ocher. 

Form. — The  specimens  are  some- 
what conical  in  form  (figs.  92,  93) 
and  the  ends  are  bent  more  or  less  " 
ventrally,  so  that  the  longitudinal 
axis  is  a  curve  with  a  concave  venter 
and  a  strongly  convex  dorsum. 
The  greatest  transverse  diameter  is 
near  the  junction  of  the  equatorial 
with  the  caudal  third  of  the  body;  the  worm  tapers  moderately  to  a 
blunt,  and  in  some  specimens,  slightly  bulbous  oral  extremity.  On 
transverse  section  the  cephalic  portion  is  circular,  but  beginnmg 
slightly  cephalad  of  the  genital  pore  the  outline  undergoes  a  slight 
change,  the  transverse  diameter  becoming  greater  than  the  dorso- 

ventral  diameter ;  near 
the  caudal  end  the 
outline  again  changes, 
the  dorso-ventral  di- 
ameter being  the 
greater. 

Surface  . — The  sur- 
face of  the  worms,  ex- 
cept for  some  trans- 
verse wrinkling,  is 
smooth  in  the  caudal 
half  of  the  animal; 
in  the  cephalic  half, 
however,  the  cuticle 
is  provided  with  nu- 
merous papillae,  wliich 
are  acutely  conical  in 
the  circumoral  region, 
but  relatively  shorter,  broader,  and  more  blunt  over  the  remaining 
portion  of  the  surface  covered  by  them;  at  least  some  of  these  appear 
to  be  of  sensory  nature.     The  papilla3  around  the  oral  aperture  are 


Fig.  97. 
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fairly  numerous  and  closely  aggregated;  the  others  are  relatively  less 
numerous,  more  scattered,  and  arranged  in  irregular  transverse  rows. 

Genital  -pore. — In  the  median  longitudinal  line  of  the  ventral  sur- 
face, at  about  the  junction  of  the  cephalic  with  the  middle  third  of 
the  body,  is  the  genital  pore  (figs.  94,  95,  98).  This  gives  entrance 
into  a  canal  which  leads  into  a  small  nonpapUlated  atrium,  the  dorsal 
wall  of  which  is  formed  by  a  short  papilla  in  the  center  of  which  is 
the  porus  hermaphroditicus.  Sections  show  the  genital  atrium  to 
be  inclosed  in  considerable  muscular  mass  (figs.  95,  98). 

Acetahuhim. — This  is  terminal  anatomically,  but  ap])ears  ventro- 
subterminal  because  of  the  curvature  of  the  body.  In  one  of  the 
sectioned  specimens  it  measured  about  1.6  mm.  in  greatest  (lono-i- 
tudinal)  diameter.  Its  more  or  less  circular  aperture  is  directed 
ventrad  and  slightly  cauchid,  appearing  ventro-subterminal,  and  in  7 

sjjecimens  varies  from  0.53  to 
0.65  mm.  in  diameter. 

INTERNAL    ANATOMY. 

Digestive  tract. — The 
iiK  )Ut  h,  which  pierces  t  he  cephalic 
l>!unt  extremit}',  leads  into  a 
large    nuiscular   oral    sucker   of 

^^  '.''"  IWc*"  "'  rjiOL '  -^1#^-'  >  Si^V  *^*''''^  form  and  rather  similar  to 
^^-)^CL-L  -^^  !mk':^^-^JilSi'      that     of    P.     papiTlosum.     The 

cephalic  two-thirds  of  the  lumen 
of  tliis  sucker  is  beset  with  small 
but  distinct  bluntly  pointed 
conical  pa]>ilkv  (fig.  96);  in  the 
esophageal  third  there  is  a 
slight  iiiilication  df  iiiuch  more  minute  papillae.  The  sucker  lies  in  a 
cavity  suggestive  of  a  rutUmentary  body  cavity,  held  in  ])lace  by  its 
attachments  at  its  poles  and  by  mesenterium-hke  bands  extending 
from  the  dorsal  and  v(Mitral  aspects  through  the  cavity  to  the  body 
|)arcnchyma.  The  sucker  leads  into  the  esophagus,  and  dorsallv  of 
the  |)oiiit  of  union  there  is  a  distinct  n(M-vousl)an(I  givingoif  branches 
in  various  direct  ions  (fig.  97).  At  liist  the  esophagus  passes  almost 
directly  caiidad,  then  lu'iiding  at  almost  right  angles  it  is  directed  for 
the  remainder  of  its  short  course  dorsad  to  fork  into  two  intestinal 
ceca.  The  length  of  the  esophagus  is  c(|ual  to  about  one-half  of  that 
of  (he  sucker.  The  intestinal  ceca  pursue  a  dor.so-ventral  wavv 
course  (a|)|)ro.\iniatcly  parallel  t(»  the  body  wall)  caudad  to  terminate 
dorsallv  of  the  aeet abulniii  and  in  a  transv(>rse  j)lane  just  above 
(cephalad)  of  the  aeetahular  ai)erture  (figs.  [)4,  95). 
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Gfnital  sYSTB«.-MaU  organs.-rhe  testes  are  in  the  axial  region 
,f  u'eZhall  portion  of  tl,e  caudal  halt  of  the  body   between  the 
Liter  plane  and  the  plane  of  the  cephalic  margm  of  the  acetabu- 
um   fiss  M,  95),  somewhat  nearer  to  the  venter  than  to  the  dorsum. 
Z    estes  are  deeply  indented  or  lobulated,  so  that  in  transverse  sec- 
J       thev  aonear  as  it  branched  in  cauliflower-like  fashion  (figs    99, 
'o;)""TwCe  situated  almost  directly  caudad  one  of  the  other 
their  opposing  surfaces  being  either  in  the  same  or  in  slightly  separated 
t-nsvese  planes.     From  the  dorsal  aspect  of  each  testis  arises  a  vas 
efferens-  in  one  (figs.  94,  95)  of  the  two  sectioned  specimens  the  right 
va    be  on-ed  to  the  inferior,  and  in  the  other  to  the  superior  testis. 
T^e  vasa^efTerentia  pass  cephalad,  and   about  0.5   mm.   above  the 
JunUor  testis  unite  in  the  axial  region  of  the  body  to  form  the  much 
c"fled  vas  deferens.     The  first  portion  of  the  latter  is  thm  walled 
(vesicula),    and    its 
general     course     is 
ventro-ceplialad. 
The  second  portion, 
also     much    coiled, 
is     provided     with 
thick     muscular     v^-- 
walls.       The     third 
portion   of  the  vas 
deferens     is     short, 
fairly    straight,    di- 
rected almost   hori- 
zontally   ventrad, 
and    its    walls    are 
inclosed  in   a  mass 

of    cells;    this,   the  ,      ,   .     .,         ru 

pars  prostatica,  becomes  suddenly  greatly  reduced  both  m  the  cahber 

of  its  lumen  and  the  thickness  of  its  walls,  and  now  devoid  of  prostat  c 

cells  this  terminal    (fourth)  portion  represents  a  very  short  ductus 

ejaculatorius,  which  unites  with  the  metraterm  to  form  a  short  ductus 

hermaphroditicus  (fig.  95).  „.f  ^f  fhp 

Female  organs.-The  ovary  lies  in  the  superior  (cephalic)  part  of   he 

caudal  third' of  the  axial  region  of  the  body  (fig.  101),  a   ;ttle  ei  h  r 

to  the  right  or  to  the  left  of  the  median  sagittal  plane.     Its  cephalic 

aspect  IS  m  the  same  transverse  plane  as,  or  in  the  plane  immediately 

caudad  of,  the  plane  of  the  caudal  aspect  of  the  caudal  testis      The 

shell  gland  lies  on  the  dorso-median  aspect  of  the  ovary    slightly 

caudaTl  of  and  either  close  to  or  somewhat  removed  from  the  latter 

The  oviduct  springs  from  the  ovary  from  the  aspect  nearest  the  shd 

gland  m  one  specimen,  but  very  slightly  more  dorsa  ly  in  another   it 

passes  toward  the  shell  gland  which  it  penetrates.     In  the  substance 
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of  the  shell  gland  the  oviduct  unites  Avith  the  vitelline  duct  to  form 
the  ootjpe.  Laurer's  canal  leaves  the  oviduct  at  a  point  about  mid- 
way between  the  ovary  and  the  shell  gland,  or  slightlv  nearer  the 
ovary,  and  passes  dorso-caudad,  skirts  the  right  side  of  the  excretory 
vesicle  (both  in  the  specimen  with  dextral  and  in  the  one  with  sinis- 
tral ovary),  and  reaches  the  dorsal  body  surface  at  a  point  about  on  a 
level  with  the  middle  of  the  acetabular  aperture  and  between  0.80 
mm.  and  1  mm.  caudad  of  the  excretory  pore.  In  the  specimen 
with  the  dextral  ovary  the  pore  of  Laurer's  canal  is  median,  while 
in  the  specimen  with  sinistral  ovary  it  is  very  slightly  to  the  right  of 
the  median  line.  The  vitellogene  glands,  consisting  of  sparsely 
scattered  insignificant  follicles,  lie  in  the  lateral  and  dorso-lateral 
regions  of  the  Ixxly,  l)etween  the  intestinal  ceca  and  the  ])ody  surface, 

andext(>nd  longi- 
tudinally  be- 
tween the  j)lane 
of  liic  base  of  the 
sucker  and  that 
of  the  ui)|)er  mar- 
gin of  the  ace- 
tabuhini.  The 
transverse  vitel- 
lo-dncts  unite 
dorsad  of  the 
a((>tal)uhini  and 
i  ni  ni  e  d  i  a  t  ely 
caudad  of  the 
shell  gland. 
F  r  (•  111  their 
point    of    union, 

which  is  not  dilated  into  a  reservoir,  a  duel  s[)riiigs  which  penetrates 
ihc  caudal  aspect  of  the  shell  gland. 

The  uterus,  as  a  coiit  iiiii.it  ion  of  the  doiype.  emerges  rronitiiat 
ventn.-lateral  aspect  ol  the  shell  gland  which  is  away  from  the  ovary, 
iiiid  then  forms  coils  vciilra.j  of  the  shell  gland  and  ovary  as  it  winds 
lis  W!iy  for  a  short  (listance  cepluilad  bef..re  it  turns  dors.a.l  beneath 
the  caiii|;il  testis.  In  its  course  dorsad  it  passes  to  the  right  of  the 
"■|>|»<'i"  portion  of  the  excretory  vesicle.  On  reaching  the  region  dorso- 
caiidallyof  thecaiidal  testis  it  resumes  its  course  eepli.ahid  betwec-n 
the  dorsum  :iii.l  the  testes;  j„st  al)ov(>  the  plane  of  t  h(>  (vpli.alic  asp(>ct 
of  the  superior  testis  it  IxmkIs  vent  ro-cephalad.  passing  beneath  the 
arch  formed  hy  the  iini<.n  of  the  v.-isa  eM'erentia.  and  g.aiiis  ilu-  ventral 
aspect  ol  the  vas  <leferens ;  this  relation  it  maintains  in  the  remainder 
of   Its  course,    its   terminal   i)ortion   or   melralerm   uniting  with   the 
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ductus  ejaculatorius  to  form  the  ductus  hermaphroditicus      Eggs 
were  not  observed  in  the  uterus  of  either  of  the  specimens  studied. 

Excretory  system.— The  excretory  vesicle  is  large  and  lies  dor- 
sally  of  the  acetabulum,  its  fundus  extending  caudad  to  a  plane  some- 
what above  the  caudal  margin  of  the  acetabulum.  The  vesicle  opens 
by  a  short  duct  which  leaves  it  from  the  dorso-cephalic  aspect  and 
opens  on  the  dorsum  a  little  above  the  plane  of  the  upper  margin  of 
the  acetabulum  and  as  aheady  stated  almost  1.00  mm.  cephalad  of 
the  pore  of  Laurer's  canal. 

RELATION    TO    KNOWN    SPECIES. 

This  species  resembles  most  closely  ParampUst  gracile  Fischoeder. 

It  differs  from  the  latter  in  possessing  an  esophagus  that  is  only  about 

one-half    as    long   as 

the    sucker;    in   the 

position  of  the  testes 

which  in  this  species 

are  placed  relatively 

farther  caudad  than 

in  P.  gracile;  in  the 

position  of  the  ovary 

which  in  this  form  is 

separated  little,  if  at  ^ 
all,  in  a  longitudinal 
direction  from  the 
caudal  testis;  and  in 
the  position  of  the 
pore  of  Laurer's  canal 
which  in  this  form  is 
very  much  farther 
caudad,  opening 
about  opposite  the 
middle  of  the  acetab- 
ular aperture  whereas  in  P.  gracile  it  opens  in  the  i)lane  ot  the  supe- 
rior aspect  of  the  ovary  some  distance  al)ove  the  upper  margin  of  the 
acetabulum. 

ILLUSTRATIONS. 

YiG.  92.— Ventral  aspect.     Enlarged.     Original. 

Fig.  93._Profile  view  of  same.     Enlarged.     Original. 

Fig.  94.— Ventral  projection  of  specimen  shown  in  figs.  92  and  93: 
ac,  acetabulum;  ^.  p.,  genital  pore;  es.,  esophagus;  i,  intestines;  ov., 
ovary;  ov.  cl,  oviduct;  o.  s.,  oral  sucker;  s.  g.,  shell  glaml;  t,  testes; 
V.  d.]  vas  deferens;   v.  e.,  vasa  efferentia;   uL,  uterus,     a-a,  b-b,  c-c, 
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d-d,  e-e,f-f,  fjr-^,  planes  of  section.    Slightly  diagrammatic.   Enlarged 
Original. 

Fig.  95. — Profile  projection  of  specimen  shown  in  figs.  92  and  93: 
ac,  acetabulum;  (j.  p.,  genital  poro;  c.  vd.,  common  vitello-duct :  es., 
esophagus;  d.  Ji.,  ductus  hermaphroditicus;  ex.  p.,  excretory  pore; 
ex.  v.,  excretory  vesicle;  i.,  right  intestinal  cecum;  L.  c,  Laurer's 
canal;  o.  s.,  oral  sucker;  2>'.  w.,  pars  musculosa;  />.  y>.,  pars  prostatica; 
s.  g.,  shell  glan<l;  t.,  testes;  v.  e.  d.,  right  vas  efi'erens;  v.  e.  s.,  left  vas 
efferens;  v.  s.,  vesicula  seminalis;  ut.,  uterus,  a-a,  h-h,  c-c,  d-d, 
e-e,  f-f,  g-(j,  planes  of  section.  Slightly  tliagrammatic.  Enlarged. 
Original. 

Fig.  96. — Transverse  section  at  a-a  figs.  94  and  95.  Shows  surface 
papilla  (s.  pap.),  oral  sucker  (o.  s.),  and  perisuctorial  space  {p.  s.  sp.). 
Enlarged.     Original. 

Fig.  97. — Transverse  section  at  h-b  figs.  94  and  95.  Shows  base  of 
oral  sucker  (o.  s),  perisuctorial  space  (p.  s.  sp.),  esophageal  ganglion 

(e.  g.),  and  vitoUogene  glands 
(v.  g.).  Enlarged.  Original. 
YiG.  98. — Transverse  sec- 
tion at  c-c  figs.  94  and  95. 
Shows  genital  papilla  (gr.^ap.), 
ductus  he r m a p h r o  d  i t  i  c u s 
{d.  /(.),  metraterm  (ra.),  pars 
prostatica  {p.  p.),  intestinal 
ceca  {{.),  and  surface  papillse 
(s.pap.).  Enlarged.  Original. 
Fig.  99. — Transverse  sec- 
lion  at  d-d  figs.  94  and  95. 
Shows  superior  testis  (t.), 
right  vas  efferens  (v.  e.  d.), 
the  uterus  {ut.),  intestines 
{{.),  vitellaria  (r.  g.).  En- 
larged.    Original. 

Fig.  100. — Transverse  sec- 
tion at  f-f  figs.  <)4  and  !».").  Shows  caudal  testis  (/.),  origin  of  right 
vas  edVrons  {v.  e.  d.),  uterus  (ut.),  iutcsiincs  (/).  and  vitellaria  (v.  g.). 
Enlarged.     Original. 

Fig.  101. — Transverse  section  at /-/figs.  94  and  \)r).  Shows  ovary 
(ov.),  excretory  pore  {ex.  p.),  excretory  vesicle  (ex.  v.),  uterus  (ut.), 
and  intestines  (i.).     Enlarged.     Original. 

Fig.  102. — Transverse  section  at  g-g  figs.  '.H  and  95.  Shows  ace- 
tabulum (ac),  excretory  vesicle  (ex.  r.),and  por(>  of  Laurer's  canal 
{L.  c).     Enlarged.     Original. 
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SUBGENERIC  POSITION  UNCERTAIN. 

The  subgeneric  position  of  the  following  species  is  left  open  for  the 
present : 

Parampkistomumfraternum,  close  to  the  subgenus  Paramphistomuvi,  very  close  to 

P.  explanatum. 
F.  siamcnsc,  close  to  subgenus  Paramphistomum,  very  close  to  P.  explanatum. 
P.  shipleyi,  close  to  P.  parvipapillatum  and  P.  scoliocoelium. 
P.  parviiJapillatum,  close  to  P.  shipleyi  and  P.  scoliocoelium. 

PARAMPHISTOMUM    FRATERNUM,  new  species. 

[Figs.  103  to  113.] 

Specific  diagnosis. -Paramphistomum  {j>.  73):  Body  9.75  mm.  long,  at  least  4.5 
mm  in  maximum  breadth;  grayish  olive  green  in  color  (alcohol  specimens);  viewed 
veutrally  conical;  viewed  laterally,  gourd  shape;  greatest  diameter  at  junction 
between  equatorial  and  caudal  thirds;  tapers  gradually  but  considerable  to  truncated 
conical  oral  pole;  caudal  end  bluntly  rounded  when  viewed  ventrally,  beveled  ven- 
trally  when  \'iewed  laterally;  long  axis  curved  moderately,  conca\atyventrad;  dor- 
sum arches  both  longitudinally  and  tranversely;  venter  concave  longitudinally,  con- 
vex transversely;  transverse  sections  in  general  elliptical  to  semicircular  with  rounded 
an<-les  Surface  with  fine  transverse  striations,  no  papilla;.  Genital  pore  apparently 
sli-htly  sinistrad  (due  to  torsion?)  in  suctorial  zone  about  one-eighth  of  body  length  from 
oral  pole  ■  shallow  genital  atrium ;  genital  papilla  only  slightly  elevated .  Acetabulum 
lar-e  ventro-subterminal,  3.75  mm.  long,  3.25  mm.  broad,  aperture  1.85  by  1.52  mm., 
margins  projecting  slightly,  ca^dty  very  deep.  Mouth  terminal,  crateriform,  not 
papillated;  oral  sucker  0.96  mm.  long,  0.98  mm.  broad,  0.52  mm.  thick,  rather  oval  m 
outline;  perisuctorial  space  narrow;  esophagus  about  three-fourths  as  long  as  sucker; 
ceca  pass  at  first  laterad,  then  caudad  to  end  at  equator  of  acetabulum,  about  at  junc- 
tion of  third  with  caudal  fourth  of  body,  the  ends  bending  medio-caudad .  Excretory 
pore  opens  on  preacetabular  plane  (about  five-ninths  of  body  length  from  oral  pole)  and 
one-fifth  of  body  length  cephalad  of  pore  of  Laurer's  canal;  excretory  vesicle  crosses 
Laurer's  canal,  long,  extends  postovarian,  beyond  equator  of  acetabulum. 

Male  organs  —Testes  equatorial,  pre-  and  acetabular,  zones  and  fields  overlap,  in 
extra-  inter-  and  cecal  areas,  very  large,  lobate;  vasa  efferentia  unite  about  at  junction 
of  oral  and  equatorial  thirds  of  body;  vas  deferens  highly  developed;  vesicula  semi- 
nalis  much  coiled,  extending  about  from  pretesticular  plane  neariy  to  bifmcal  plane; 
musculosa short,  neariy  straight,  extends  neariy  topostsuctorial  plane;  prostatica  much 
shorter  than  musculosa;  ejaculatorius  and  ductus  hermaphroditicus  very  short. 

Female  organs.— Ovary  about  at  equator  of  acetabulum,  at  end  of  ceca,  slightly  dex- 
trad-  shell  gland  in  ovarian  zone,  slightly  sinistrad;  vitellaria  large,  follicles  large,  in 
extra-  inter-  and  cecal  areas,  dorsal  and  ventral  of  ceca,  from  slightly  above  postsuc- 
torial  plane  to  caudal  margin  of  shell  gland,  hence  slightly  postcecal;  uterus  extends 
from  shell  -land  a  short  distance  cephalad,  coils,  then  ascends  a  short  distance,  then 
coils  and  becomes  very  much  distended  by  eggs,  passing  dorsally  of  testes  and  beneath 
arch  of  vasa  efterentia,  then  runs  in  nearly  straight  course  ventrally  of  vas  deferens  to 
discharge  into  ductus  hermaphroditicus;  Laurer's  canal  runs  at  first  c-ephalo-dorsad 
then  dorsad  to  open  slightly  sinistrad  of  median  line,  slightly  caudad  of  preovanal 
plane,  about  1.72  mm.  caudad  of  excretory  pore. 
£■^^.5.— Numerous,  operculated,  120  by  67.5/i. 
Type.— B.A.I.  3066. 
Habitat. — In  (organ?  of)  Buffehts  iiidicus. 

13893— Bull.  60—10 9 


132 


Source  of  material. — The  2  specimens  forming  tlu>  rollection 
were  in  a  bottle  bearing  the  B.A.I.  No.  3066,  the  label  in  which  bore 
the  following  information: 

Name  Amphistomum  explanalum.  Host  Buffelus  indinis.  Determined  by  Prof. 
A.  Railliet.     Date  1899.     Presented  by  Prof.  A.  Railliet.     Date  1899. 

The  specimens   are   in  poor  condition;  one   is  greatly  distorted, 
having  its  cephalic  third  bent  acutely  ventrad;  the  other  also  appears 
somewhat  distorted  by  irregular  shrinkage,  but  is 
sufficiently  preserved  for  study,  and  the  following 
description  is  based  chiefly  upon  it. 

EXTERNAL    CHARACTERS. 

Size. — Measured  in  alcohol  this  specimen  was 
9.75  mm.  in  greatest  length  and  4.r>  mm.  in  grctitcst 
transverse  diameter.  After  embedding  and  section- 
ing, the  length  (calculated  from  the  sectit)ns)  was 
found  to  be  8.94  mm.,  the  greatest  transverse 
diameter  4.10  mm.,  and  the  greatest  dorso-ventral 
**■  ^  ■  diameter  4.4  mm.     The  measurement  of  the  great- 

est transverse  diameter  was  unsatisfactory  on  account  of  tlic  distor- 
tion by  flattening  in  that  region  of  the  worm;  this  measurement  is 
therefore  regarded  as  considerably  under  what  it  would  be  in  the 
perfect  specimen. 

Color. — The  specimens  were  of  a  grayish  olive-green  color. 
Form  (figs.  103,  104). — The  greatest  dorso-ventral  and  tranverse 
diameters  are  in  about  tli(>  region  of  junction  of 
the  middle  with  the  caudal  third  of  the  body. 
From  this  region  it  tapers  gra(hudly  but  considcr- 
al)Iy  toward  the  oral  j)ol<',  which  appears  rela- 
tively sharply  pointed;  a  short  length  of  the 
terminal  portion  is  contracted  into  a  small  trun- 
cated con(\  The  ahoral  pole  remains  broad  and 
thick  and  rounded,  and  may  1)(>  considered  as  l)(>v- 
eled  at  the  expense  of  its  ventral  aspect,  wher(>  it 
presents  the  terminal  irregularly  circular  acetal)u- 
lar  aperture.  The  longitudinal  axis  of  the  worm 
is  moderately  curved   with   its  concavity  ventrad.  ' 

Th(>  dorsum  is  arched  hoih  longitudhially  and  transversely, 
whercMis  the  venter  is  concave  longitudinally  and  convex  from  side 
to  side;  this  conv(>xity,  however,  is  nuich  less  mark(>d  than  that  of 
the  doi-sum  and  in  c(Mlaiii  regions  almost  disa])p(\'irs.  Tran.sverse 
sections  are  in  a  general  way  elli|)tical  in  outliiu^  Init  in  the  region 
wh(M-e  tlie  tran.sver.se  c(mv(>xity  of  th(>  venter  almost  disa])])ears,  the 
outline  aj)i)roaches  that  of  a  semicircle  with  rounded  angles. 
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Fig.  105, 
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Suhface.— The  surface  cuticle  presents  fine  transverse  striations, 
best  marked  near  tlie  oral  extremity.  There  are  also  irre^ilarities 
of  the  surface,  which  are  probably  clue  to  irregularities  in  contraction 
in  the  process  of  fixing  and  in  the  preservation. 

Genital  pore.— On  the  ventral  surface  apparently  slightly  to  the 
left  of  the  median  longituduial  line  and  at  about  one-eighth  of  the 
body  length  from  the  oral  extremity  is  a  small  bulging,  on  the  vertex 
of  which  may  be  noted  a  small  (160/i)  transversely  elongate  button- 
hole-like pore,  the  genital  pore  (figs.  104,  108).  This  pore  leads  into 
a  relatively  shallow  chamber,  which  is  almost  entirely  filled  by  a 
plump,' slightly  elevated,  genital  papilla  which  arises  from  what 
corresponds  to  the  dorsal  wall  of  the  chamber.     At  the  vertex  of 
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this  papilla  is  an  orifice,  the  porus  hermaphroditicus,  the  external 
termination  of  the  ductus  hermaphroditicus. 

Acetahulum.— This  muscular  organ  is  m  the  caudal  portion  of  the 
body.  On  account  of  the  curvature  of  the  longitudinal  axis  of  the 
worm  its  aperture  is  tilted  slightly  ventrad  and  gives  the  appearance 
of  a  ventral  bevel  to  the  caiulal  extremity  of  the  worm.  The  dome 
of  the  acetabulum  (measured  m  projection  of  one  sectioned  specimen) 
was  about  3.75  mm.  in  vertical  by  about  3.25  mm.  m  transverse 
diameter  with  an  aperture  about  1.85  mm.  in  vertical  by  about 
1.52  mm.  in  transverse  diameter.  The  margin  of  the  acetabular 
aperture  is  formed  by  the  slightly  projecting  muscular  rim  of  the 
acetabulum  itself,  a  tlim,  closely  applied  layer  of  the  body  parenchyma 
extending  to  its  margin  but  not  overlapping  it,  so  that  the  aperture 
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appears  to  have  a  narrow  enclosing  lip,  which  is  readily  discernible 
on  the  surface,  where  it  is  marked  off  from  the  general  body  surface 
by  a  shallow  groove  (figs.  104,  106,  112,  113). 


INTERNAL   ANATOMY, 


I 


Digestive  tract. — The  cephalic  extremity  of  the  worm  presents 
a  transversely  elliptical  crateriform  depression,  the  base  of  which  | 
presents  the  oral  aperture.  The  latter  leads  directly  into  a  muscular  j 
oral  sucker.  No  papills"  were  obseived.  The  sucker  is  relatively 
small,  measuring  m  projection  about  0.96  mm.  in  length,  with  a  \ 
maximum  transverse  diameter  of  0.98  mm.  and  with  a  maximum  I 
dorso-ventral  diameter  (measured  in  median  sagittal  plane)  of  i 
0.52  mm.     In  both  sagittal  and  frontal  planes  it  is  of  an  oval  outline;    i 
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in  transverse  section  it  has  the  form  of  an  ellipse  with  its  major  axis 
corres])ondhig  to  the  transverse  diameter  of  the  worm  (fig.  107). 
The  lumen  of  the  sucker  is  a  dorso-vent rally  narrow,  transversely 
broad  s])ace;  in  transverse  section  in  the  region  of  its  equator  the 
form  of  the  lumen  is  somewhat  that  of  a  spindle.  The  body  of  the 
sucker  is  inclosed  in  a  narrow  perisuctorial  space, in  which  it  is  retained 
in  ])ositiou  ])y  attaclunents  at  both  its  poles  and  by  doi-sal  and  ventral 
dorso-ventral  strands.  The  lumen  is  lined  by  a  thin,  smooth,  cuticle- 
like layer.  Tiie  esophagus  springs  from  the  base  of  the  sucker, 
passes  directly  eaudad  for  about  half  its  length,  then  bending  slightly, 
])asses  dorso-caudad  to  divide  mto  two  lateral  ceca  at  a  point  slightly 
n(>arer  the  dorsum  tlian  the  venter  anil  about  one-fifth  of  the  body 
length   from   the  oral  extremity.     Tl)(>   length  of  the  esophagus  is 
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about  three-fourths  that  of  the  sucker.  Its  anterior  extremity  is 
sHghtly  caudad  of  the  level  of  the  genital  pore.  In  the  first  half  ot 
its  course  the  lumen  of  the  esophagus  mamtams  substantially  a 
uniform  diameter;  in  the  second  half,  however,  it  dilates  moderately 
but  distmctly  and  with  some  abruptness.  The  esophagus  is  lined 
by  a  cuticle-like  layer  and  is  inclosed  in  a  scant  layer  of  sparsely 

scattered  cells.  .  ,     c      ■  ■     e 

The  mtestines  pass  at  first  laterad  from  their  pomt  of  origm  from 
the  esophagus,  then,  describmg  a  curve,  they  pass  directly  caudad  in 
fairly  close  proxhnity  to  the  dorso-lateral  aspect  of  the  body.  Their 
form  m  transverse  section  is  verN^  irregular  and  their  caliber  varies 
greatlv  at  different  levels.  They  terminate  by  cecal  extremities 
dorsad  of  the  acetabulum  and  slightly  caudad  of  the  center  of  the 
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aperture   or  at  a  level  somewhat  caudad  of  the  junction  of  the  third 
with  the' caudal  fourth  of  the  body.     They  are  lined  by  an  epithehal 

cell  layer.  , 

Genital  system.— With  the  exception  of  the  viteUogene  glands, 

the  genital  organs  lie  in  the  intercecal  area.  _ 

Male  organs.— The  two  testes  are  large  irregidar  masses.  One  is  a 
Uttle  to  the  right  of  the  other  and  a  little  nearer  the  oral  extremity, 
so  that  their  zones  and  their  fields  overlap  to  a  considerable  extent 
(ficrs  105  106,  111).  The  testis  from  which  the  right  vas  efferens 
springs  lies  in' the  equatorial  fifth  of  the  worm  and  is  a  little  to  the 
ricrht  and  at  a  slightly  higher  level  than  the  testis  from  which  the  left 
vas  efferens  springs.  The  latter  testis  is  therefore  somewhat  farther 
from  the  oral  extremity  and  overlaps  the   left  side  of   the  caudal 
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portion  of  the  ventral  aspect  of  the  right  testis.  Both  testes  are 
indented  by  deep  fissures  which  mark  ofl"  large  lobes.  '  A  vas  efferens 
emerges  from  the  dorsal  aspect  of  each  testis.  On  account  of  the 
relative  positions  of  the  testes,  the  right  vas  is  much  the  shorter. 
They  at  first  pass  more  or  less  directly  cephalad;  then  a  little  above 
the  cephalic  aspect  of  the  right  testis  they  pass  transversely  unvard, 
forming  an  arch  beneath  which  the  uterus  passes  as  they  unite  hi  the 
formation  of  the  vas  deferens.  The  first  portion  of  the  vas  deferens 
is  a  relatively  thin  walled,  long,  intricately  and  compactly  coiled 
vesicula,  the  lumen  of  which  is  dilated  anil  filled  with  spermatozoa 
(figs.  105,  106,  110).  It  is  succeeded  by  a  relatively  short,  uncoiled, 
and  almost  straight  pars  musculosa  (figs.  105,  106,  109).  The  change 
from  one  to  the  other  is  quite  abrupt.  The  musculosa  has  a  relatively 
small  lumen  and  its  walls,  though  more  muscular  and  thicker  than 
_^^  that  of  the  vesicula,  are 

not  veiy  greatly  devel- 
opeil.  Its  tlirecti(m  is 
cephalo-ventrad. 

At  a  point  in  a  trans- 
V(Mse  ])lane  slightly  cau- 
dal of  that  of  the  base 
of  the  sucker  this  (hict 
l)ecomes  inclosed  ui  a 
mass  of  cells  and  its  ex- 
ternal layer  of  limgitu- 
dinal  muscle  fibers  be- 
comes much  thinned; 
this  is  the  beginnhig  of 
the  pars  prost  at  ica. 
The  pars  prostatica  (fig.  105)  is  both  absolutely  and  relatively  quite 
short  and  is  succeeded  by  the  (hictus  ejaculatorius.  Tlie  ductus  ejac- 
ulatorius  is  quite  short,  its  walls  more  delicate  than  those  of  the 
prostatica,  and  the  change  from  one  to  the  other  is  marked  l)y  the 
disappearance  of  the  piostatic  cells.  At  the  base  of  th(>  genital 
p:il)illa'  the  ductus  ejaculatorius  and  the  uterus  unite  to  form  the 
ductus  hermaphroditicus  which  pierces  the  g(>nital  i)ai)illa  and  t(M- 
minates  at  the  vertex  of  the  latter  at  the  poms  hci  inaphroditicus. 
The  genital  papilhi  and  the  wall  of  the  genital  atrium  are  indoseil 
in  a  sharply  defined  mass  of  muscular  fibers  (fig.  108). 

Female  or^a/j.s.— The  ovaiy  lies  in  the  caudal  i)()rti()n  of  the  Ixxly, 
slightly  caudad  of  the  plane  of  junction  of  the  third  with  the  caudal' 
fourth  of  the  body,  dorsad  of  tlic  dome  of  the  accMabuluni,  and  a  little 
to  the  right  of  th(>  m(>dian  sagittal  plane.  The  oviduct  sprhigs  from 
the  caudo-mesial  aspect  of  the  ovaiy  and  passes  transversely  to  the 
left  toward  the  shell  gland,  near  which  it  appeal's  to  fork  inl(.  two 
ducts  Cfig.  n;n.     The  forking  takes  ])lace  in  a.  Iransvei-se  plane;  ono 
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of  the  forks  is  Laurer's  canal,  the  other  should  be  regarded  as  the 
contmiiation  of  the  oviduct.  The  latter  cur^^es  slightly  cephalo- 
ventrad  to  penetrate  the  shell  gland.  Laurer's  canal  curves  around 
the  right  latero-dorsal  aspect  of  the  shell  gland  to  gam  a  position 
dorsad  of  the  latter,  then  it  passes  cephalo-dorsad  close  to  the  left 
of  the  excretory  vesicle  and  opens  on  the  dorsum  a  little  to  the  left 
of  the  median  line  at  a  pomt  in  a  transverse  plane  slightly  caudad 
of  that  of  the  cephalic  aspect  of  the  ovarj-  and  about  1.72  mm. 
(or  about  one-fifth  of  the  total  body  length)  caudad  of  the  excretory 
pore.  The  shell  gland  is  considerably  smaller  than  the  ovaiy  and 
lies  a  little  to  the  left  of  it  and  of  the  median  sagittal  plane. 

On  its  mesio-caudal  aspect  the  shell  gland  is  penetrated  by  the 
oviduct  and  on  its  caudal   aspect  near  its  mesial  margin  by  the 
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vitello-duct.  These  ducts  unite  almost  at  once  to  form  the  ooij^Q. 
This  fusiform  canal  pierces  the  shell  gland  obhciuely  cephalad  and  to 
the  left,  emerging  from  the  left  latero-cephalic  aspect  of  the  gland 
as  the  uterus.  The  uterus  after  emerging  from  the  shell  gland  tends 
cephalad,  curving  around  the  dorsal  aspect  of  the  shell  gland  to  gain 
the  axial  region  of  the  worm.  Here  the  uterus  m  its  ascent  cephalad 
describes  intricate  coils.  It  forms  some  loops  in  the  space  between 
the  caudal  portion  of  the  left  testis  and  the  acetabulum,  then  doubles 
back  passing  underneath  this  testis  somewhat  oblicpiely  to  the  left 
and  turns  cephalad  in  the  space  dorsad  of  this  testis.     It  ascends  in 
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this  position  in  an  almost  straight  course  for  a  considerable  distance  i 
before  it  again  begms  to  form  coils.  These  coils  are  in  the  intereecal  I 
space  dorsad  of  the  testes  and  at  first  ventrad  of  the  excretory  vesicle 
and  duct,  and  later  between  the  testes  and  dorsum.  The  coils  are  i 
distended  with  very  numerous  oval,  operculated  eggs.  As  the  level 
of  the  cephalic  aspect  of  the  right  testis  is  approached,  the  coils  tend 
cephalo-ventrad  l)etween  the  vasa  efferentia  and  gradually  gain  the 
ventral  aspect  of  the  coiled  vesicula,  ascending  cephalad  in  this 
relation  for  a  short  distance,  after  which  the  windings  cease  and  the 
eggs  disappear  from  its  lumen.  It  now  ascends  in  only  a  slightly  j 
wavy  course  close  to  the  ventral  aspect  of  the  vas  deferens  to  unite     ! 
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witli  the  (hictus  ejaculatorius  at    the  l)ase  of  ih(>  genital  ])a])illa   in      | 
the  manner  already  descril)ed.  i 

Tiie  vitellogene  glands  resemble  those  of  I\  cirvi,  but  are  not  quite 
so   highly   develojxMl.     'J^he   follicles   are   large  and   prominent   and      j 
()een])y  the  extracecal  areas,  but  e.xtend  along  underneath  the  lateral 
margins  toward   both  the  ventral  and  dorsal  median  sagittal  line,       I 
approaching  closer,  how(>ver,  to  the  latter  than  to  the  former,  and      { 
conung  into  relation  with  both  ventral  and  dorsal  aspects  of  the  c(>ca.      j 
Vertically  the  glands  extend  fr..ni  slightly  above  the  level  of  the  base       ! 
of  the  sucker  to  about  the  le\cl  of  the  ])lane  of  the  caudal  margin 
of  the  sh«>ll  gland.     It  will  be  observed,  therefore,  that  in  length  they       i 
exceed  that  of  the  intestinal  ceca;  that  is,  they  extend  beyond  the      j 
limits  of  the  cecal  zone.  ! 
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A  transverse  vitello-duct  leaves  the  caudal  portion  of  each  gland, 
passes  obliquely  caudo-mediad  ventrally  of  the  corresponding  intes- 
tine to  unite  close  to  the  dome  of  the  acetabulum  at  a  point  in  a 
transverse  plane  just  above  that  of  the  cephahc  aspect  of  the  shell 
aland.  Their  union  results  in  the  formation  of  a  common  duct 
which  passes  caudo-dorsad,  skirting  the  ventral  and  ventro-caudal 
aspect  of  the  shell  gland,  finally  to  penetrate  the  latter  at  its  caudal 
aspect  as  already  described. 

Eggs, The  eggs  are  operculated  and  very  num^erous.     One  of  the 

eggs  measured  in  section  of  the  uterus  was  120/t  long  by  67.5;t  broad. 

Excretory  system. — The  excretory  vesicle  is  relatively  small, 
being  a  rather  long,  and  dorso-ventrally  very  narrow,  ahnost  slit-like 
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space.  Its  dome  is  in  the  caudal  portion  of  the  body  about  midway 
between  the  acetabulum  and  dorsum  and  about  1.48  mm.  (or  about 
one-sixth  of  the  body  length)  from  the  caudal  margin  of  the  worm. 
From  the  dome  the  body  of  the  vesicle  extends  cephalad,  gradually 
coming  nearer  the  dorsum  as  it  ascends  in  the  intercecal  area.  As  it 
ascends  also  it  gradually  narrows  in  both  transverse  and  dorso- 
ventral  diameters  until  it  becomes  reduced  to  a  cylindrical  duct 
about  52/1  in  diameter  and  240/(  long,  with  thickened  walls,  which 
opens  on  the  ck^rsum  at  about  the  level  of  the  superior  margin  of 
the  acetabulum,  namely,  about  five-ninths  of  the  total  body  length 
caudad  of  the  oral  margin,  and,  as  already  stated,  about  one-fifth 
the  body  length  cephalad  of  the  opening  of  Laurer's  canal. 
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RELATION-    TO    P.  explanatuin    AS    DESCRIBED    BT    FISCH(EDER 

Comparing  our  specimens   with  P.  explanatum,  as   described   by=  i; 

FiscliQpder,  1904,  454-458,  figs.  A,  1-3,  the  following  differences  are  \ 

noticed:  In  exphnatum  the  genital  pore  is  inmiediately  postbifurcal  i 

instead  of  suctorial;  the  ceca  end   at  the  cephalic  margin  of  the  » 

acetabular  aperture,  instead  of  at  the  acetabular  equator;  excretory  j 

pore  is  equatorial,  some  distance  cephalad  of  acetabulum,  instead  of  j 

on  preacetabular  plane ;  the  excretory  vesicle  ends  cephalad  of  acetab-  i 

ular  equator  instead    of    at    its   equator;   the  testes  are  distinctly  j 

farther  cephalad,  the  anterior  testis  not  reaching  the  acetabulum;  ( 

the  pars  prostatica  is  longer  instead  of  shorter  than  the  pars  muscu-  . 

losa;  the  ovary  is  at  the  anterior  margin,  instead  of  at  the  equator  i 

of  acetabulum,  and  is  distinctly  and  entirely  in  the  intercecal  area  i 

instead  of  at  and  caudad  of  end  of  ceca;  Laurer's  canal  is  distinctly  i 
preacetabidar  instead  of  at  the  equator  of  the  aceta))ulum. 

These  diiferences  would  appear  to  indicate  that  we  are  (healing  j 

either  with  a  distinct  species,  or  a  distinct  subspecies,  or  with  a  i 

rather  marked  case  of  indivi<lual  variation;  they  are  certainly  more  < 

marked  than  the  characters  now  being  used  to  distinguish  between  i 

some  species  of  distomes.     As  it  is  easier  to  suppress  a  synonym  j 

than  it  is  to  disentangle  anatomical  and  l)iol()gical  data  of  separate  j 
forms  confused  in  one  alleged  species,  we  incline  to  the  view  (con- 
trary to  most  authors)  that  in  case  of  (h)ul)t  the  more  conservative 

action  consists  in  proposing  a  new  s])(>cies.  hence  we  ])id)lish  tliis  form  , 

as  such.  j 

ILLUSTRATIONS. 

Fig.  103.— Profde  view.     Enlarged.     Original.  ! 

Fig.  104. — Ventral  view  of  same.     Enlarged.     Original.  i 

Fig.  105.— Profile  ])rojection  of  specimen  shown  in  figs.  103  and  I 

104.     Shows   oral   sucker    (o.   s.),   esophagus    (es.),   right   intestinal  ! 

cecum   (i.),  genital  pore    (g.  p.),   ductus  hermaphroditicus    (</.  /<.),  ] 

])ars  ])rostatica   (p.  p.),  pars  musculosa   (p.  m.),  vesicula  seminalis  I 

(v.  s.),  right  vas  efferens  (v.  e.),  right  (t.  d.)  and  left  {t.  s.)  testis,  j 

ovary  (ov.),  shell  gland  {s.  g.),   uterus  (ut.),  Laurer's  canal  (L.  c),  ! 

excretory  vesicle    (ex.   v.),  excretory  ])ore    (ex.  p.),  and   acetabulum  ' 

(ac);  a-a,  b-h,  c-c,  d-d,  e-e,  f-f,  g-g,  planes  of  section.     Slight Iv  \ 
diagrammatic.     Euhirged.     Original. 

Fig.   100.— Frontal  ])r()jection  of  specimen  shown  in  tigs.  103  and 
104.     Shows  oral  sucker  (o.  s.),  esophagus  {es.),  intestinal  ceca  {{.), 

ovary  {ov.),  shell  gland  {s.  g.),  uterus  (rit.),  the  right  (/.  d.)  and  left  ' 

{t.  ff.)  testis;  the  vasa  ell'erentia  (v.  e.),  vesicula  seminalis  (y.  s.),  and  | 

pars  musculosa   (j>.   t,,.),  position  of  genital  ])ore    (g.  p.),  and   the  ! 

acetabulum   (ac);  a~a,  b-h,  c-c,  d-d,  c-c,f-J\  g-g,  ])ianes  of  section.  ' 

Slightly  diagrammatic.     Enlarged.     Original.  : 
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Pj(j  107.— Transverse  section  at  a-a,  figs.  105  and  106.  Shows 
form  of  body,  form  of  oral  sucker  (o.  s.),  perisuctorial  space  {p.  s.  sp.), 
and  dorsal  and  ventral  mesenterium-like  strands  (m.  &.).     Enlarged. 

Original. 

YiG,  108.— Transverse  section  at  b-h,  figs.  105  and  106.  Shows 
genital  atrium  {g.  a.),  genital  papilla  (g.  pap.),  oral  sucker  (o.  s.), 
perisuctorial  space  {p.  s.  sp.),  and  some  vitelline  follicles  {v.  g.). 
Enlarged.     Original. 

Pj(j  109.— Transverse  section  at  c-c,  figs.  105  and  106.  ^  Shows 
pars  musculosa  {p.  m.),  uterus  (ut.),  esophagus  (es.),  and  vitellaria 
(v.g.).     Enlarged.     Original. 

Fig.  110.— Transverse  section  at  d-d,  figs.  105  and  106.  Shows 
position  and  relations  of  uterus  (ut.),  vesicula  seminalis  {v.  s.),  intes- 
tines a.),  and  vitellaria  (v.  g.).     Enlarged.     Original. 

YiG,  1 1 1  .—Transverse  section  at  e-e,  figs.  105  and  106.  Shows 
position  and  relations  of  the  testes  {t.),  left  vas  efferens  {v.  e.),  uterus 
{ut.),  intestines  {%.),  superior  margin  of  acetabulum  {ac),  the  excre- 
tory pore  {ex.  p.),  and  the  vitellaria  (v.  g.).     Enlarged.     Original. 

Fig.  112.— Transverse  section  at/-/,  figs.  105  and  106.  Shows 
positions  and  relations  of  ovary  (ov.),  uterus  int.),  excretory  vesicle 
{ex.  v.),  Laurer's  canal  {L.  c),  intestines  {i.),  vitellaria  {v.  g.),  right 
transverse  vitello-duct  {t.   vd.),    and    acetabulum    (ac).     Enlarged. 

Original. 

Fig.  113.— Transverse  section  at  g-g,  figs.  105  and  106.  Shows 
origin  of  Laurer's  canal  {L.  c.)  from  oviduct  {ov.  d.),  the  ovary  {ov.), 
shell  gland  {s.  g.),  excretory  vesicle  {ex.  v.),  vitellaria  {v.  g.),  and 
acetabulum  {ac).     Enlarged.     Original. 

PABAMPIIISTOMIM  PARVIPAPILLATUM,  new  species. 

[Figs.  114  to  122.] 

Specific  mAc.aosvi.'-Paramphistomum  (p.  73);  Body  3.1  to  3.9  mm.  long  by 
1.8  to  2.3  mm.  broad;  buff  color  (alcohol  specimens) ;  rather  oval,  longitudinal  outlines 
of  lateral  margins  nearly  straight;  tapers  very  gradually;  cephalic  extremity  slightly 
lees  bluntly  rounded  than  caudal  extremity;  surface  smooth.  Genital  pore  post- 
bifurcal,  about  one-fourth  of  body  length  from  oral  margin.  Acetabulum  subterminal, 
aperture  about  0.5  to  0.6  mm.  in  diameter.  Mouth  terminal  to  ventro-subterminal 
(distortion?);  oral  sucker  rather  pyriform  to  oval;  esophagus  bulbous,  short  (?),  about 
as  long  (?)  as  sucker,  bifurcation  about  midway  between  oral  margin  and  genital 
pore;  ceca  wavy,  long,  extending  to  or  slightly  caudal  of  equator  of  acetabulum.  Ex- 
cretory pore  dorso-mcdian,  a  little  caudad  of  pore  of  Laurer's  canal,  dorsal  of  equator 
of   acetabulum   and    not   crossed    by   Laurer's  canal;    excretory    vesicle  dorsal   of 

acetabulum. 

Male  organs:  Testes  occupy  greater  part  of  median  field  fi-om  equator  to  acetabuhim; 
one  caudad  of  the  other;  of  irregular  outline  (in  part  artifact?);  vasa  efferentia  unite 
in  vas  deferens;  vesicula  seminalis  convoluted;  pars  musculosa  short;  pars  prostatica 
short,  but  well  developed,  ductus  ejaculatorius  exceedingly  short,  unites  with  metra- 
term  to  form  ductus  hermaphrodilicus,  which  opens  on  vertex  of  genital  papilla;  the 
latter  is  surrounded  bv  an  atrium  into  which  projects  a  circular  ridge  bearing  numerous 
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exceedingly  minute  papillae  which  ahn  extend  over  on  to  the  genital  papilla:  cimis  i 
pouch  absent. 

Female  organs:  Ovaty  median  but  extending  more  to  the  left  than  to  the  right,  near  i 

dorsum,  immediately  caudad  of  caudal  testis  and  on  a  plane  of  upper  margin  of  acetab-  I 

ulum;  shell  gland   on  ventro-caudal  aspect  of  ovary;  vitellaria  highly  developed,  \ 

close  to  lateral  margins,  lateral,  dorsal,  and  ventral  of  ceca,  extend  about  from  ba.«e  of  1 

pucker  to  or  slightly  beyond  equator  of  acetabulum;  uterus  passes  from  ventrally  of  j 

shell  gland  and  ovary,  dorsad  between  ovary  and  caudal  testis,  cephalad  dorsally  of  | 

testes,  ventrad  under  arch  of  vasa  efferentia,  cephalad  to  ductus  hermaphroditicus;  ^ 
it  is  coiled,  and  filled  with  a  fairly  large  number  of  eggs:  Laurer's  canal  passes  from 
oviduct  dorso-medio-cephalad  and  opens  in  median  line. 

Eggs:  Numerous,  oval,  about  135  by  (ilft. 

Type.— U.S. P.H.&  M.-H.S.     9%2." 

Habitat. — Reticulum  of  "calf"  (Bos  indicus  var.)  at  Phrapatoom,  Siam. 

Source  ok  material. — This  material  was  sent  to  us  by  Dr.  Paul  i| 

G.  Woolley,  who  collected  it  in  Phrapatoom,  Siam,  on  September  22,  \ 
1906,  from  the  reticulum  of  a  calf  {Bos  indicus  var.). 

EXTERNAL    CHARACTERS.  ; 

Size. — The  specimens  vary  from  3.]  mm.  to  3.9  mm.  in  lenjjth  and  i 

from  1.8  to  2.3  mm.  in  maximum  breadth.  ! 

Color. — Alcohol  specimens  are  of  a  bud"  color.  ' 

Form. — In  the  process  of  fixing  and  in  the  course  of  preservation  i 

the  specimens  appear  to  have  under<]:()ne  considerable  distortion,  so  j 

that  from  the  material  at  hand  it  is  dillicidt  to  more  than  sunrfjest  ' 

very  rouf^hly  their  original  form  (fig.  114).     They  are  oval  in  outline,  : 

with  lateral  margins  approximately  parallel  in  the  equatorial  region  i 

and   with  extremities  that  are  bluntly  rounded.     The  dorsal    (and  ; 
perhaps  also  the  ventral)  surface  is  probably  arched  in  the  fresh  state, 

but  in  our  specimens  they  are  markcMJ  by  ridges  and  depressions  due  i 

probably   to   the   shrinking  influence   of   the   lixing   and    hard(Mu'ng  i 

solutions.  I 

SiTiKACE. — The  general  siu'face  is  smooth,  excej)t  for  an  indication  i 
of  transverse  wrinkles  or  striations.     No  surface  papilla^  are  evident. 

The  cephalic  extremity  is  marked  by  the  presence  of  a  more  or  less  i 

circular  oral  apertinv,  and  the  caudal  by  the  presence  on  its  ventral  ; 

aspect  of  a  large  subterniiiial  acetabulum,  distorted  in  form  in  most  I 

of  the  specimens  in  such  a  inaiuicr  as  to  make  its  ap(M'tur(>  Itmgitu-  • 

diually  ellij)t  ical  in  out  line,  though  one  or  two  retained  wjuit  is  proh-  i 
ahly  their  normal  circular  form. 

Genital  pore. — The  genital    pore  is  vciitro-mcdian  (figs.    Ill,   ll.'i,  [ 

110.    120)    on    a    somewhat    flattened    rounded    elevation    or   bulging  i 

about  one-fourth  tlu>  body  length  from  the  cephalic  end  and  caudad  i 

of  the  l)ifurciit  iou  of  the  esophagus.  i 

Act  f  (I  hill  mil.  -The    acetabulum    is    distinctly    subt(>rminal    in    all 

s|)(>('iiuens.      It  varies  considerably  in  respect   to  form,  position,  and  ! 

aperture,  these  variations  being  largely  ihi(>,  in  all  probability,  to  the  i 
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Fig.  114. 


distorted  condition  of  the  body.  Two  specimens  presented  circular 
apertures  0.5  to  0.6  mm.  in  diameter;  four  specimens  presented  more 
or  less  elliptical  apertures,  varying  from  0.6  to  0.7  mm.  in  longitudinal 
and  0.17  to  0.4  mm.  in  transverse  diameter.  The  rim  of  the  acetabu- 
lum appears  to  project  beyond  the  body  parenchyma 
in  a  manner  very  like  that  in  Pseudodiscus  collinsii, 
and  there  is  a  strong  suggestion  of  a  ring  around  the 
aperture  similar  to  that  which  occurs  in  Ps.  stanleyii 
and  Ps.  collinsii.  As  a  matter  of  fact,  however,  the 
apparently  projecting  ring  is  covered  by  a  thin  layer  of 
parenchyma.  The  deep  narrow  groove  which  marks  off 
this  ring  in  Ps.  stanleyii  and  Ps.  collinsii,  while  strongly 
suggested,  is  not  so  clearly  recognizable  in  this  species  (figs.  116, 
122).  The  dome  of  the  acetabulum  measures  about  126/i  to  1.35/i  in 
thickness. 

INTERNAL   ANATOMY. 

Digestive  tract. — The  more  or  less  circular  oral  aperture  gives 
entrance  directly  into  a  somewhat  pyriform  muscular  oral  sucker 

(fig.  116).     In  transverse  section 
^'^  (fig.    117)    the   latter    is    ellipti- 

cal in  form,  with  its  major  axis 
in  the  transverse  diameter  of  the 
body.  Its  lumen  is  a  dorso- 
ventrally  more  or  less  narrow, 
transversely  fairly  broad  space. 
It  is  lined  by  a  thin  cuticle-like 
layer  which  appears  to  have  dis- 
appeared fi'om  some  portions  of 
the  lumen,  and  bears  some  con- 
ical papillge  of  moderate  size  on 
its  surface.  The  sucker  lies  in  a 
perisuctorial  space  (figs.  116,  117) 
suggestive  of  a  rudimentary  body 
cavity.  Dorsally  of  its  esophageal 
extremity  there  is  a  transverse 
ganglionic  cord  (fig.  115).  The 
sucker  is  succeeded  by  the  esoph- 
agus. From  our  preparations  it 
is  impossible  to  determine  satisfac- 
torily its  length;  it  is  estimated, 
however,  that  it  is  not  shorter  than 
the  sucker.  It  passes  atfh-st  for  a  short  distance  caudad,  then  bends  ab- 
ruptly and  passes  almost  directly  dorsad ,  Init  with  an  inclmation  caudad 
(fig.  118),  terminates,  and  gives  origin  laterally  to  the  intestmal  ceca. 


Fig.  115. 
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The  esophagus  has  somewhat  the  form  of  an  Indian  chib;  its  caudal 
half  becoming,  rather  abruptly,  very  much  swollen  by  a  very  great 
increase  in  thickness  in  its  muscular  layer  (figs.  115,  118).  The  intes- 
tines, from  their  point  of  origin,  pass  at  first  in  a    nearly  hcirizon- 

tally  transverse  plane  laterad,  de- 
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Fig.  UG. 


^ "  *f^  scribing  in  this  part  of  their  course 

a  gentle  curve  nearl}'  parallel  to 
the  dorsum.  The}'  then,  rather 
abrupth',  bend  caudad  and  pursue 
a  wavy  path  approximately  par- 
allel to  the  dorso-lateral  aspect 
of  the  worm,  terminating  by 
blind  extremities  in  slighth'  dif- 
ferent planes  at  about  the  level 
of  the  equator  of  the  acetabulum. 
The  lining  of  the  lumen  of  the 
mouth,  sucker,  and  esophagus 
appears  to  be  a  thin  cuticle  in 
anatomical  continuation  w  i  t  h 
that  of  the  bod}'  surface.  With 
the  termination  of  the  esophagus 
at  its  point  of  division  into  the 
intestinal  ceca  the  cuticular  lin- 
ing ceases  and  is  replaced  in  the 
intestinal  ceca  by  a  layer  of  epi- 
thelial cells. 

Gexital  system. —  Male  organs. — The  testes  occupy  almost  all  of  the 
interspace  between  the  intestinal  ceca  from  the  ecjuator  (or  a  little 
anterior  of  this)  to  tlie  acetabulum.  They  are  placed  one  directly  cau- 
dad of  the  other,  \\\\\\ 
but  a  slight  interval  be- 
tween. Their  form  is 
very  irregular  (figs.  115, 
110,  121),  a  result,  per- 
hai)s,  of  the  shrinking 
and  distortion  of  the 
Worm  as  n  whole,  l)ut 
their  surface  is  but  little 
indented.  AvasefVerens 
rises  from  each  testis; 
that  from  the  posterior 
springs  ai)i)arently  from 
the  superior  aspect  of  its  right  extremity  and  passes  (•ej)haUid  between 
the  anterior  testis  and  the  right  intestine;  that  from  the  anterior 
testis  springs  from  its  dorsal  aspect,  passes  cephalo-centrad  to  unite 
with  the  left  vas  to  form  a  vas  deferens.     The  vas  deferens  consists  of: 


yt  i  ^ 


.n.W- 


..^. 


Fio.  117. 


147 


a  well-developed  thin-walled  vesicula,  which  is  very  much  coiled;  a 
short  but  well-developed  pars  musculosa;  a  short  but  very  well-defined 
prostatica ;  and  a  terminal  excessively  short  ductus  ejaculatorius.  The 
latter  unites  with  the  metraterm  to  form  a  ductus  hermaphroditicus. 
The  ductus  hermaphroditicus  pierces  the  axial  region  of  a  well-devel- 
oped truncated  conical  genital  papilla.  The  genital  papilla  (figs.  115, 
119,  120)  projects  into  an  atrium,  which  it  almost  fills.  Embracing 
the  genital  papilla  is  a  ring-like  collar,  the  surface  of  which  is  beset  by 
excessively  minute  papillae  (hence  jMrvipapillatum) ,  which  also  extend 
to  some  extent  over  the  base  of  the  genital  papilla.  External  to  the 
rmg-like  collar  and  marked  off  from  it  by  a  groove  is  another  ring. 
This  latter  ring  almost  disappears  in  some  positions  of  extrusion  of 
the  copulatory  apparatus,  forming  a  shallow  crater,  in  the  center  of 
which  is  the  genital  pore. 

Female  organs. — The  ovary  lies  in  the  median  Ime  (fig.  121),  close 
under  the  dorsum  just  caudad  of  the  posterior  testis,  and  at  the  level 
of  the  upper  margin  of 
the  acetabulum.    It  ap- 
pears somewhat   elon- 
gated in  the  transverse 
diameter  and   com- 
pressed   dorso-ven- 
trally,  hence  somewhat 
pyriform,  and  extends 
somewhat  more  to  the 
left  than  to  the  right  of 
the  median  line.     The 
point  of  origin  of  theo  vi- 
duct  was  from  the  right 
extremity  in  one  prep- 
aration and  from  the  left  in  another ;  from  its  point  of  origin  the  oviduct 
passes  to  the  opposing  aspect  of  the  shell  gland.     The  latter  lies  close 
to  the  ventral  aspect  and  lower  margin  of  the  ovary.     The  relation  of 
the  shell  gland  to  the  ovary  varies  somewhat  in  the  different  specimens 
studied.     It  is  penetrated  by  the  oviduct,  which  is  then  joined  by  the 
vitello-duct,  after  which  the  duct  thus  formed  dilates  somewhat  to  form 
the  ootype;  the  latter  is  continued  and  emerges  from  the  shell  gland 
as  the  uterus.     After  emerging,  the  uterus  passes  at  first  caudad 
for  a  short  distance,  then  turns,  forms  a  loop,  and  passes  cephalad 
"in  front  of  the  shell  gland  and  ovary,  dorsad  between  the  posterior 
testis  and  ovary,  then  cephalad  between  the  testes  and  dorsum  of 
the  worm.     In  its  progress  it  forms  coils  which  are  distended  with 
eggs.     At  the  level  of  the  cephalic  aspect  of  the  anterior  testis  it 
takes  a  course  ventrad  beneath  the  arch  of  union  of  the  vasa  eft'e- 
rentia  and  penetrates  the  base  of  the  genital  papilla  m  company 
13893— Bull.  60—10 10 
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with  the  terminal  portion  of  the  vas  ilefercns,  with  which  it  opens 
into  the  ductus  hermaohroditicus. 

The  yolk  glands  are  highly  developed.  They  consist  of  numerous 
closel}^  aggregated  follicles  in  the  lateral  portion  of  the  body  close 
to  the  lateral  margins.  They  inclose  dorsally,  ventrally,  and  later- 
ally the  corresponding  intestinal  cecum.  The  gland  of  the  left  side 
extends  somewhat  farther  toward  the  median  line  than  that  of  the 
right  side,  so  tliat  it  comes  into  relation  with  the  dorsal  and  the  ven- 
tral aspects  of  the  left  ends  of  both  testes.     The  glands  extend,  longi- 


I 


tudinally,  from  the  termination  of  the  sucker  to  about  the  equator 
of  the  acetabulum  (or  slightly  caudad  of  the  level  of  termination  of 
the  intestinal  ceca).  A  little  above  the  level  of  the  caudal  termina- 
tion of  the  yolk  glands  the  duct  of  either  side  is  given  off  and  passes 
toward  the  middle  line,  ventrally  of  the  corresponding  intestinal  tube, 
to  unite  with  the  duct  of  the  opposite  side;  by  the  union  of  these  a 
duct  is  formed  which  passes  dorsad  toward  the  shell  gland,  which  it 
penetrates  on  its  caudal  aspect  to  join  the  oviduct. 

Laurer's  canal  leaves  the  oviduct  about  where  the  latter  is  on  the 
point  of  penetrating  the  shell  gland  and  passes  dorso-meiHad  and  very 


Fir,.  120. 

sUghtly  ceplialad  to  opn\  on  the  dorsal  surface  about  in  [ho  nKvlian 
hue  (lig.  122). 

^'-r/.'?'''- — The  eggs  are  numerous,  oval  in  form,  and  as  s(>('n  in  the 
uterus  tliey  measure  about  135/t  by  al)out  G7/(. 

Excretory  system.— The  excretory  vesicle  li«>s  in  the  caudal  por- 
t  ion  of  the  body  i)ehind  (dorsad  of)  the  acetabulum.  In  the  si)ecinicns 
studied  it  appears  collapsed.  From  its  caudo-tlor^al  aspect  a  short 
thick-walled  duct  passes  dorsad  to  discharge  througii  the  excretory 
l)ore  in  the  median  line  in  a  plane  a  Uttle  caudad  of  the  opening  of 
Laurer's  canal  and  near  the  caudal  extremity  of  the  body.  It  is 
not  croasetl  bv  Laurer's  canal. 
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ILLUSTRATIONS. 


Fig.  114.— Ventral  aspect:  ac,  acetabulum;  g.  p.,  genital  pore; 
m,  mouth.     Enlarged.     Original. 

Yicr.  115.— Sagittal  section.  Shows  portion  of  oral  sucker  (o.  s.), 
perisuctorial  space  (p.  s.  sp.)  containing  granular  coagulum,  caudal 


Fig.  I'Jl. 


portion  of  esophagus  (es.),  left  intestinal  cecum  (L),  esophageal 
ganglion  (e.  g.),  genital  papilla  {g.  pap.),  ductus  hermaphroditicus 
{d.  h.),  pars  prostatica  (p.  p.),  vesicula  seminalis  (v.  s.)  distended 
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with  spermatozoa,  metraterm  (va.),  uterus  (ut.)  distended  with  eggs, 
testes  (^.),  and  acetabulum  (ac).     Enlarged.     Original. 

Fig.  116. — Sagittal  section.  Shows  oral  sucker  (o.  .§.),  perisuc- 
torial space  (p.  s.  sp.)  with  granular  coagulum,  left  intestinal  cecum 
(i),  the  two  testes  (t),  left  vas  efferens  (r.  e.  s.),  uterus  (ut.),  excre- 
tory vesicle  (ex.  v.),  excretory  pore  (ex.  p.),  and  acetabulum  (ac). 
Enlarged.     Original. 
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Fig.  117. — Transverse  section.  Shows  oral  sucker  (o.  s.)  and 
perisuctorial  space  (p.  s.  sp.)  filled  with  a  g^ranular  coagiilum.  En- 
larged,    Original. 

Fig.  118. — Transverse  section.  Shows  bulbous  portion  of  esopha- 
gus (es.),  right  intestme  (?'.),  vitellogene  gland  (v.  g.).  Enlarged. 
Original. 

Fig.  119. — Transverse  section  of  copulatory  apparatus.  Shows 
genital  papilla  {g.  pap.),  ductus  hermaphroditicus  {d.  li.),  genital 
atrium  {g.  a.),  and  minute  papillae  on  ring-like  collar  and  base  of 
genital  papilla.     Enlarged.     Original. 

Fig.  120. — Transverse  section  tlu-ough  copulatory  apparatus  to 
contrast  with  figure  119.  Shows  form  of  genital  papilla  {g.  pap.) 
encircling  papillated  ring,  slit-like  dorsal  chamber  {g.  a.),  (d.  h.)  and 
shallow  crater-like  depression  (ventral  chamber)  at  vertex  of  genital 
bulging  due  to  retraction  of  outer  ring.     Enlarged,     Orighial. 

Fig.  121. — Transverse  section.  Shov.^s  superior  testis  (/.),  right 
vas  efferens  {v.  e.  d.),  intestines  {i.),  and  vitellaria  {v.  g.)  and  uterus 
{ut.)  filled  with  eggs.     Enlarged.     Original. 

Fk;.  122. — Transverse  section  at  level  of  pore  of  Laurer's  canal. 
Shows  pore  of  Laurer's  canal  {p.  L.  c),  caudal  margin  of  ovary  (ov.), 
caudal  margin  of  shell  gland  (.s-.  g.),  uterus  (ut),  excretory  vesicle 
(ex.  v.),  left  intestinal  cecum  (i.),  vitellaria  (v.  g.)  and  acctabuhim 
i(ic.)  with  an  apparent  though  not  actual  projecting  rim.  Enlarged. 
Original. 

PAKAMrmsTOMlM  SHIPLKVI,  now  species. 

[Figs.  IL'3  to  130.] 

Specific  diagnosis. — Paramphutomum  (p.  7:V):  Body  appaiviitly  somewhere 
between  4.5  and  7  mm.  Vm^  by  2. 40  mm.  broad  by  2.L'(j  mm.  thick;  color  (?);  greatest 
breadth  about  at  junction  of  equatorial  and  caudal  thirds;  tapers  toward  bluntly 
I)ointed  oral  jjole,  diameters  at  genital  pore  2  mm.  (transverse)  and  1.98  mm  (dorso- 
ventral).  Surface  with  minute  papillae  on  oral  pole.  Genital  pore  ventro-median, 
about  75/1  in  diameter,  about  at  junction  of  cephalic  and  equatorial  thinls,  very 
slightly  poatesophageal  and  postbifurcal,  in  cecal  zone;  at  this  point  there  is  an  ill- 
defined  slightly  bulging  area.  Acetabulum  ventrosubterminal;  very  slightly  sunken 
below  surface,  1.15  mm.  in  transverse,  1.95  mm.  (?)  in  dorso-ventral  diameter,  aperture 
about  0.;W  mm.  Mouth  nearly  terminal,  with  ventrosubterminal  tendency,  in 
papillated  depression;  oral  sucker  rather  large,  pyriform,  but  somewhat  flattened 
dorso-ventraliy,  its  oral  jx.le  projecting  slightly,  its  lumen  papillate;  lies  in  a  well 
(Iclincd  i)seud(.bo(ly-cavity;  esophagus  acutely  bent,  convexity  ventrad,  caudal  half 
with  greatly  thickened  muscular  wall;  ceca  of  very  irregular  diameter,  wavy,  extend 
about  to  equator  of  acetabulum.  Excretory  pore  dorso-median,  caudad  of  Laurer's 
canal,  somewhat  caudad  of  equator  of  acetabulum;  thick  walled  excretory  canal  runs 
from  pore  slightly  caudo- ventrad  to  dorso-caudal  aspect  of  well-developed  excretory 
vesicle,  which  lies  dorsad  of  acetabulum,  extending  fmni  near  anterior  plane  of 
acetabulum  to  caudal  acetabular  plane. 

Mulr  or(7rHi.s.- Testes  large,  lobal(%  one  ventro-caudad  of  the  f)ther,  fields  nearly 
coincide,  zones  overlap,  nearer  venter  than  dorsum;  va.si  et'ferentia  run  cephalad  at 
eide  of  testes,  their  point  of  union  is  undetermined;  vas  d(>ferena  composed  of:  (1) 
coiled  vesicula  seminalis,  which  lies  dorsally  of  (2)  a  pars  intermedia  and  (3)  the 


hi.hlv  developed  coiled  pars  musculosa,  (4)  pars  prostatica  straight  relatively  short 
but  well  developed,  and  separated  from  musculosa  by  a  sphjucter-hke  constriction^ 
t)Zl  walled  ductus  ejaculatorius;  the  latter  opens  into  a  sht-hke  space  into  which 
metraterm  also  discharges;  from  here  a  short  duct  passes  ventrad  to  another  sht-hke 
7ZTZtle  latter\  duct  passes  ventrad  to  open  into  a  small  atnum  which  opens 
to  thT'exterior  through  the  genital  pore;  this  series  of  atria  and  canals  is  inclosed 
in  a  mesh  of  muscular  fibers.  , 

fZu  organs.-0..ry  and  shell  gland  dorso-caudal  of  and  very  much  smaller  than 

cauiritesti!    dorsal  of  cephalic  portion  of  acetabulum,  slightly  dextral  of  median 

fne     helTw  ventro-Jeral  of  ovary;  vitellaria  with  well  developed  not  numerous 

.Uicles     n  extracecal  areas,  extend  from  slightly  preesophageal  zone  to  caudal  end 

of  ce  al'zon  n^^^^^    extends  slightly  caudad  then  cephalad,  dorsally  of  testes,  ven- 

trallTof  the  greater  mass  of  pars  musculosa,  to  open  into  same  slit  as  does  ductus 

ejaculatorius. 

Enns  —Oval,  135  bv  71/i,  operculated  at  smaller  pole. 

Type.— U.S.P.H.  &  M.H.S.  Xo.  10717  (returned  to  Shipley). 

Habitat.— In  (?  stomach  of)  Cervus  eldi,  locality  (?). 

Source  of  MATERiAL.-The  material,  consisting  <^fj^  ^^"f  «^ 
transverse  sections  of  one  specimen,  was  loaned  to  us  by  Ur.  A.  H.. 
Shipley.     Host.— Cenms  eldi  (?),  stomach. 

EXTERNAL    CHARACTERS. 

Size  —The  specimen  came  to  us  already  sectioned.  We  do  not 
know  the  tliickness  of  the  individual  sections,  so  can  not  do  more  than 
rou-hly  estimate  the  length  of  the  worm.  It  is  probably  not  less 
than  4  5  mm.  nor  more  than  7  mm.  long,  with  a  maximum  dorso- 
ventral  diameter  of  about  2.26  mm.  and  a  maximum  transverse 
diameter  about  2.46  mm.  as  measured  m  sections.  _ 

Form  —The  worm  is  broadest  and  thickest  in  the  regions  of  junc- 
tion of  the  middle  with  the  caudal  thirds  of  the  body  length.  From 
this  region  the  body  tapers  toward  the  oral  pole,  wluch  is  blun  ly 
pointed  and  at  about  the  level  of  the  genital  pore,  measures  about  2 
mm  in  width  and  about  1.98  mm.  in  dorso-ventral  diameter. 

Surface.— The  surface  cuticle  is  unprovided  with  hooks  or  spmes, 
but  minute  papilla  could  be  made  out  at  the  oral  pole. 

Genital  vore.-ln  the  ventro-median  line,  about  at  the  junction  ot 
the  first  with  the  middle  third  of  the  b..dy  length,  is  a  small  orifice 
about  75.  in  transverse  diameter,  the  genital  pore.  This  is  m  the 
centerof'acircular,  ill-defined,  slightly  bulging  area.  ^  ^^     ^    . 

Acetahnlum.— The  acetabulum  is  in  the  caudal  portion  of  the  body 
with,  probablv,  a  terminal  (or  subterminal)  aperture,  though  this  is 
sho^^^l  as  ventro-subterminal  in  the  diagram  (fig.  123).  At  the  level 
of  the  excretory  pore  the  acetabulum  measures  about  l.lo  mm.  m 
transverse  diameter  with  an  aperture  of  about  0.39  mm.  m  the  same 
diameter  The  rim  of  the  acetabulum,  although  it  does  not  project 
bevond  the  embrace  of  the  body  parenchyma,  is  covered  only  by  a 
relativelv  thin  layer  of  it  for  a  distance  of  about  255,«  (fig.  130)  from 
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the  mar-.n  of  the  aperture.  Judging  from  the  appearance  of  this  in 
section/the  unsectioned  specimen  probably  presents  corresponding 
to  t  a  collar-like  area  immedtately  around  the  acetabular  aperture 
delimited  from  the  general  surface  by  a  shallow,  more  or  ess  weU- 
defined  groove,  somewhat  like  but  not  so  well  defined  as  that  in 
P.  siamense. 

INTERNAL   ANATOMY. 

Digestive  TRACT.-The  luoutli  is  at  the  bottom  of  a  circumscribed 
depressed  area  at  the  vertex  of  the  cephahc  extreimty      It  is  an 
irregular  orifice  which  leads  directly  into  the  lumen  of  a  ^veil-developed 
sucker.     The  crater-like  depression  of  the  surface  is  beset  with  digitate 
papillae.     In  form  the 
sucker     is     pyriform 
though  somewhat 
flattened     dorso-ven- 
trally.     Its    caudal 
pole    is     broad     and 
rounded  and  gives  ori- 
gin to  the  esophagus ; 
its  oral  pole  projects 
in  an  irregular  ring- 
like  manner    beyond 
the  parenchyma  and 
its    aperture    is    the 
mouth.    The  sucker  is 
placed   in   a  well- 
marked   perisuctorial 
space  (fig.  124), which 
is  traversed   dorsally 
and  ventrally   by 
mese  liter  ium-like 


^  i  ^■ 


Fig.  124. 
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strands.  The  suctorial  wall  may  be  regarded  as  consisting  of  a  ven- 
tral and  of  a  dorsal  muscular  plate,  the  two,  however,  being  contin- 
uous laterally  The  muscular  fillers  form  a  dense  inner  and  a  looser 
meshed  and  relativelv  tliicker  outer  zone,  as  seen  in  transverse  sec- 
tion The  lumen  is  a  dorso-ventrally  narrow,  transversely  broad 
space  which  caudally  becomes  reduced  to  a  small  circular  aperture 
leadinc.  into  the  esophagus.  It  is  hned  by  a  thin  cuticle  which  is  beset 
bv  small  hemispherical  to  conical  papillae  These  are  more  numerous 
•uid  lar-er  near  the  oral  pole.  Close  to  the  dorso-caudal  aspect  of 
the  sucker,  shghtly  above  the  level  of  the  origin  of  the^esopiagus 
and  just  witlKHit  the  perisuctorial  space,  there  is  a  well-defined  trans- 
verse nerve  trunk  (fig.  123)  which  gives  off  branches  cephalad  and 
caudad;  these,  however,  can  n..t  be  traced  satisfactordy. 
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The  esophagus  passes  at  first  ventro-caudad  for  approximately  lialf 
Its  length,  then,  bending  acutely,  it  turns  dorsad,  with  a  slight  tilt 
cephalad,  to  fork  into  the  lateral  ceca  at  a  point  in  a  transverse  ])line 
slightly  caudad  of  that  of  the  base  of  the  sucker  and  a  httle  cephal-nl 
of  that  of  the  genital  pore,  and  about  or  slightly  more  than  one-tlii^d 
of  the  dorso-ventral  diameter  of  the  worm  at  that  level  from  the 
dorsum.  The  muscular  wall  of  this  second  portion  of  the  esopha-us 
IS  very  greatly  mcreased  in  thickness;  the  increase  begins  at  about 
the  pomt  where  the  esophagus  bends,  and  it  augments  procrressivelv 
alni..st  but  apparently  not  quite  to  its  caudal  end.  The  esophacre-d 
lumen  is  lined  by  a  fairly  thick  cuticle-like  layer.  ^  ' 


1 1.0  inlestinal  ceca  pass  at  first  for  a  short  distance  laterad,  then 
rurvr  v.-ntro-laterad,  at  the  same  time  tilling  caudad  until  tlu^v  ivach 
"  I-int  m  a  froiKal  plane  somewhat  dorsa.l  of  that  of  the  l,end  i.r  knee 
<•  1-  esophagus.  Ilore  oa.h  i„(,stine  rather  abruptlv  curves  dorsad 
■'.  pnu-eesmtusspirally  wavyo>urse<.aud 
■  •  '  ""  l';v<"l  of  ,h.  ...phahc  margin  of  t he  a.ctabuhir  aperture. 
NvlH  n-  each  mh.stm,.  ternunates  by  a  cecal  exlrenntv 

ri.o  chamel.r  of  tho  gut  varies  at  different  p.>in"ts  in   i,s  course, 
»"     1-ng  inarked  dilatations  ((ig.  120)  suce.-.l..!  bv  ...uallv  n.arked 
\::;::u\::::'''-''''-     ^^^•"'•  — •^H.e....aishned'byanepinle- 
(JK^,T^,.  svsTEM.-The  sexual  organs.  w„h  ,h,>  ,.x<.,.ption  of  the 
^U.•llog,.n^  ghn.ds.  are  disposed  in  (hriut.Tr.val  area. 
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Male  organs. — There  are  two  large  lobate  testes,  one  of  which  is- 
caiulad  of  the  other;  the  cephahc  portion  of  the  caudally  phiced  testis 
overhips  the  right  ventro-lateral  aspect  of  the  caudal  portion  of  the 
cephalically  placed  testis.  They  are  nearer  the  venter  than  the  dor- 
sum in  a  zone  wliich  exceeds  somewhat  in  vertical  diameter  one-fourth 
the  body  length,  in  other  words,  comprising  the  tliird  and  to  some 
extent  the  fourth  quarter  of  the  body.  Each  testis  gives  origin  to  a 
vas  efferens,  that  of  the  caudal  testis  passes  to  the  left  and  that  of  the 
cephahc  to  the  right,  and  then  each  proceeds  cephalad.  The  left  vas 
efferens  (from  the  caudal  testis)  ascends  at  first  close  to  the  left  lateral 
aspect  of  the  cephalic  testis  (between  it  and  the  intestine)  and  later. 
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Fig.  120. 


as  it  tends  dorso-cephalad,  it  skirts  the  left  lateral  aspect  of  the  coiled 
pars  musculosa,  eventually  entering  the  coil  complex  of  the  vesicula, 
which  is  presumably  formed  by  its  union  with  the  right  vas;  but  this 
point  can  not  be  satisfactorily  traced  in  the  complexity  of  the  coils. 
The  course  of  the  right  vas  (from  the  superior  testis)  is  similar  to  that 
of  the  left,  but  is  of  course  much  shorter,  and  almost  at  once  after  its 
origin  it  begins  to  skirt  the  left  lateral  aspect  of  the  coiled  pars  mus- 
culosa, eventually  entering  and  becoming  inchstinguishable  among 
the  coils  of  the  vesicula.  The  vesicula  forms  an  easily  distinguishable 
thin-walled  coil  comjilex  placed  close  to  the  dorsal  aspect  of  the  coil 
formed  l)y  the  i)ars  musculosa.  The  latter  is  the  second  jiortion  of 
the  vas  d(>ferens,  but  there  is  intercalated,  between  the  vesicula  and 


1 .')(; 
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the  musculosa,  a  short,  rehitively  thick-walled  narrow  duct,  which  has 
been  noted  in  some  of  the  other  forms  and  named  the  pars  intermedia 
The  pars  nmsculosa  (fig.  127)  is  liighly  developed,  thick,  muscula  ■ 
walled,   and  very  much  coiled;  measurements   at  favorable  point  i' 
give  a  diameter  of  about  225/(  to  300,«,  with  a  thickness  of  wall  a  ' 
abcmt  45/i  to  60/t.     The  caliber  of  the  lumen  of  this  part  of  the  vas 
deferens  considerably  exceeds  that  of  the  vesicula.     The  inusculosa 
is  succeeded  b}'  a  relatively  short  (420/0  but  well-developed  prostatica,  .' 
a  spliincter-like  constriction  marking  the  transition  from  one  to  the  \ 
other.     The  prostatic  cells  are  well  developed  and  form  a  thick,  cncir-  : 
cling  layer  about  the  duct,  the  diameter  of  whicli  is  decitU'dly  reduced  i 


ascoiiij)!in'(l  will)  llml  of  the  imusciiIosm.  aiul  its  wall  is  iiuuh  tliiuuer  j 
tbaii  thai  (.f  the  latter.  The  pars  |)rostatiea  is  straight  and  passes  | 
almost  (lireetlv  ventrad.     In  its  turn  the  iirostatica  is  succeeded  bv  a 

'  i 

tliiek-walled  duet  al)out  7")/(  in  diameter  and  about  12()/(  long:  tiiis  j 
may  perhaps  he  regarded  as  the  ductus  ejaeulat  orius.  The  ductus  I 
ejaeulatorius  is  directed  veutrad  and  ojXMis  \\ith.  hut  sej)arate  from,  i 
and  just  abov(>  the  uterus,  into  a  small  narrow  sht-like  space.  From  i 
this  splice  a  short  duet  passes  vent  rail  and  nniy  l)e  r(>garded  as  piercing  i 
the  axial  region  of  a  muslu-oom-like  structure  (ligs.  12.'i.  12())  to  open  : 
into  another  slit-lik<>  atrium  somewhat  larger,  however,  than  the  one  i 
into  which  the  n):de  and  female  duets  open.  .V  duet  about  .'l(l/(  iu  | 
diameter-  leads  from  t  his  at  riuiii  and  ap|)!irenl  \\  pierces  a  stout  conic'il    i 
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papilla,  which  mav  be  regarded  as  the  genital  papilla,  to  open  into  a 
smaU  genital  atrium  which  connects  with  the  exterior  by  the  genital 
pore.  ^The  series  of  atria  and  ducts  connecting  them,  between  the 
termination  of  the  ductus  ejaculatorius  and  the  genital  pore,  which 
may  be  regarded  as  forming  the  hermaphroditic  copulatory  appara- 
tus', is  inclosed  in  a  cylindrical  mesh  of  muscular  fibers,  which  do  not, 
however,  form  such  a  well-defined  structure  as  is  described,  for 
example,  in  Watsonius  watsoni  or  Paramphist.  crassum. 
'  Female  organs.— The  ovarv^  and  the  shell  gland,  the  latter  close  to 
the  right  ventro-lateral  aspect  of  the  former,  are  m  the  caudal  portion 
of  the'^mtercecal  space,  caudo-dorsad  of  the  caudal  testis,  dorsad  of  the 
cephalic  portion  of  the  acetabulum,  and  immediately  to  the  right  of 
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Fig.  128. 


the  median  sagittal  plane  and  the  dome  of  the  excretoiy  vesicle.  The 
ovar>'  is  the  larger  of  the  two  glands.  The  oviduct  takes  orighi  from 
the  left  lateral  aspect  of  the  ovar>^  and  at  first,  for  a  short  distance, 
passes  to  the  left,  then  again,  for  a  short  distance,  it  curves  cephalad 
and  to  the  right,  after  which  it  proceeds  obliquely  ventrad  and  to  the 
right  with  a  veiy  slight  tilt  cephalad  toward  the  shell  gland,  at  the 
same  time  giving  origm  to  Laurer's  canal.  This  occurs  in  about  the 
same  transverse  plane  as  the  one  m  wliich  the  uterus  is  seen  to  emerge 
from  the  shell  gland.  The  oviduct  penetrates  the  left  pole  of  the 
shell  gland,  in  the  substance  of  which  it  is  joined  by  the  common 
vitello-duct,  the  two  uniting  to  form  the  ootype.  The  latter  is  directed 
oblitpiely  to  the  right  antl  ventro-caudad  and  is  contmued  as  the 
uterus.  "  Laurer's  canal,   tifter  parting  from  the  oviduct,  passes  at 


158 


first  directly  caiidad  then  with  a  tih  to  the  left  and  dorsad  to  a  point 
slightly  caudad  of  the  leyel  of  origin  of  the  oyiduct,  where  it  bends 
and  passes  cephalo-dorsad  to  open  on  the  dorsum  in  about  the  median 
sagittal  line  at  a  point  in  a  transyerse  plane  slightly  caudad  of  those 
of  the  cephalic  margins  of  the  oyaiy  and  the  acetabulum  and  in  about 
the  plane  of  the  caudal  margin  of  the  caudal  testis  (fig.  129). 

The  shell  gland  lies  close  to  the  right  yentro-lateral  aspect  of  the 
ovar}^;  its  major  axis  is  directed  obliquely  from  the  left  to  the  right 
and  yentro-caudad.  As  already  stated,  it  is  penetrated  at  the  left 
pole  by  the  ovithict :  at  its  left  latcro-cephalic  aspect,  it  is  penetrated 
bythecomm(myit('ll()-(hict,the  two  uniting  in  t  he  ootA-pe.  The  uterus 
which  is  the  contniuation  of  the  ootA-])e,  emerges  from  the  right  ])ole 
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of  the  gland  and  turns  to  the  left  and  cephalad.  It  forms  sohk^  coils 
yent  rally  und  to  the  left  of  the  shell  gland  and  oyary,  then  skirts  tiie 
riglit  and  dorsal  aspects  of  the  dome  of  the  excretoiy  yesicl(>  to  reach 
tlir  left  dorso-lateral  aspect  of  tli(«  dome  of  this  yesicle.  lb  iv.  in  the 
area  between  th(>  yesicle  and  llie  left  intestine,  it  dii)s  caudatl  for  a 
short  distance,  then  (hmbles  sharply  ce])halad  to  begin  its  ascent.  It 
forms  winding  ascendhig  coils  in  the  iiucrcccal  s])ace  between  IJie 
dorsum  and  the  testich's.  At  the  level  of  the  cephalic  margin  of  the 
superior  (ce])halic)  testicle,  the  uterus  passes  yentrad,  skirting  the 
caudal  aspect  of  the  coiliMl  vns  deferens,  after  haying  first,  howeyer, 
ascended  a.  short  distane(>  IxMween  this  coil  and  the  doi-sum.  On 
r«Miching  tlu>  yentral  asp(>el  of  the  coil,  it  aseiMids  in  close  relation  to  it 
and  with  only  slight  and  f(>\\  windings  which  eventually  c(>ase  alto- 
S''^l"''-       I'    finally  eom(>s  in  (dose  relation  to  the  cauil.d  nspeet  of  the 
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sjaculatoiy  duct,  opening,  as  has  already  been  stated,  immediately 
jaudad  of  the  latter  into  a  small  slit-like  chamber.  The  first  portion 
if  the  uterus  contains  a  considerable  number  of  yolk  cells;  the  coils 
vhich  are  between  the  testicles  and  the  dorsum  are  distended  to  a 
variable  degree  with  eggs,  among  which  in  the  more  proximal  coils 
nay  also  be  seen  some  clumps  of  spermatozoa.  The  eggs  are  oval 
n  form  with  a  small  operculum  at  the  more  pointed  end  and  measure 
ibout  135/i  by  71//. 

The  vitellogene  glands,  consisting  of  well-developed  but  not  numer- 
3us  follicles,  are  disposed  in  the  extra-cecal  areas  (between  the  mtes- 
bine  and  lateral  body  wall),  extendmg  vertically  from  a  little  cephalad 
of  the  level  of  the  esophageal  fork— slightly  cephalad  of  the  base  of 
the  oral  sucker  to  or  very  slightly  caudad  of  the  level  of  the  cecal  ends 
of  the  gut.  At  about 
the  level  of  the  ce- 
phalic margm  of  the 
acetabulum  a  duct 
leaves  each  gland  and 
passes  obliquely  i  n  - 
ward  and  caudad,  ven- 
trally  of  the  corre- 
sponding intestine, 
then  bends  dorsad. 
The  two  transverse 
ducts  unite  in  about 
the  median  sagittal 
plane  at  a  point  close 
to  the  acetabulum  and 
close  to  the  right  ven- 
tro-lateral  aspect  of  the 

dome  of  the  excretory  vesicle  m  about  the  same  transverse  plane  as 
that  in  which  Laurer's  canal  takes  its  departure  from  the  oviduct. 
From  their  point  of  union  the  common  vitello-duct  takes  its  depar- 
ture; it  passes  obliquely  dorsad  and  to  the  right  with  a  slight  tHt 
cephalad  m  the  direction  of  the  shell  gland  which  it  penetrates  at  its 
left  ventro-cephalic  aspect  and  in  the  substance  of  which  it  unites 
with  the  oviduct.  Both  the  transverse  and  common  vitello-ducts 
contain  yolk  cells,  but  the  ducts  are  not  notably  distended  and  no 
vitelline  reservoir  is  distinguishable. 

Excretory  system.— A  well-developed  excretory  vesicle  is  placed 
dorsally  of  the  acetabulum  between  the  latter  and  the  dorsum.  The 
dome  of  the  vesicle  reaches  cephalad  to  a  plane  only  a  little  caudad 
of  that  of  the  superior  margin  of  the  acetabulum.  Caudad  the 
vesicle  extends  to  about  the  level  of  the  caudal  margin  of  the  aceta- 
bular aperture.     From  the  dorso-caudal  aspect  of  the  vesicle  a  duct 


•  a.0. 


Fig.  130. 


160  ^ 

i 

takes  oris^nii:   this  (luct    passes  dorso-ceplialad  to  open  in  al)out   the  | 

median  sagittal  line  of  the  dorsum  (fig.  i;30)  at  a  point  m  a  transverse  ( 

plane  passing  through  ahout  the  middle  of  the  acetabular  aperture  and  y 

about  one-ninth  the  body  length  caudad  of  the  opening  of  Laurer's  j 

canal.     There  is  no  crossing  of  Laurer's  canal  and  vesicle,  the  former  I 

lying  altogether  dorsally  of  the  dome  of  the  latter.     The  excretory  ' 

duct  is  thick  walled  and  lined  with  a  cuticular  layer  in  anatomical  j 

continuitv  with  that  of  the  surface.  • 


RELATION'    TO    f)TIIER    SPECIES. 


P.  shipleyi  appears  most  closely  related  to  P.  parHpapUhtum  and   i 
P.   scolwcodium,   from    both   of  which   it    differs   m   the   somewhat   , 
greater  complexity  of  its  copulatoiy  apparatus,  which  is  characterized   i 
by  the  presence  of  a  relatively  thick  ring-like  partition  separating  the   \ 
ventral  chamber  of  the  genital  atrium  from  the  dorsal  chanib(>r.  the    i 
two  chambers  bemg  connected  by  a  short,  narrow  duct.     In  P.  par-  \ 
vipcpillatum  there  is  no  partition  between  ventral  and  dorsal  cham-    1 
bers,  the  line  of  demarcation  bemg  a.  fold  or  groove  Mhich  may  be 
(with  a  certain  degree  of  evagination  of  the  genital  papilla)  almost 
obliterated.     Besides  this,  however,  the  genital  atrium  and  base  of 
the  genital  i)a])illa  of  P.  pannpapUlatum  are  beset  by  minute  pa])illrD»    ( 
In  P.  scoliocodium  the  genital  atrium  forms  one  undivided  chamber,    i 


ILLUSTHATIONS. 


Fig.    123. — Diagrammatic  sagittal   projection."     nc,   acetabulum;  ' 

es.,  esophagus;  r.  </.,  esoj)hageal  ganglion;  cr.  j>..  excretory  pore;  (.r.  r.,  \ 

excretory  vesicle;  //.  a.,  dorsal  chamber;  (j.  a.  c,  ventral  chamber  of  I 

genital  atrium;  ?.,  intestines;  L.  c,  Laurer's  canal;  o.  s.,  oral  sucker;  \ 

or.,  ovary;  p.  m.,  j)ars  musculosa;  y^  p.,  pars  prostatiea;  6'.  (/.,  shell  i 

gland;  t.,  testes;  ut.,  uterus;  r.  s.,  vesicula  seminalis;  (i-a,  h-b,  c-c,  j 

d-d,  e-e,  f-f,  g-g,  planes  of  section.     Enlarged.     Original.  I 

Fig.  124. — Transverse  secticm  at  a-a,  lig.  123.     Shows  oral  sucker  i 

(o.  s.),  perisuctorial  space  (p.  s.  sp.),  and  mesenterium-like  strands  i 

(w.  />.).     Enlarged.     Original.  ! 

Fig.  125. — Transverse  section  at  h-b,  fig.  123.     Shows  esophagus  j 

(es.),  esophageal  bulb  (rs.  />.),  intestinal  ceca  («.),  vitcllogene  follicles  i 

(v.  g.).     K)nlarge<l.     Original.  I 

Fig.   12().     Tiansverse  section  at   c-c,  Fig.   123.     Shows  terminal  I 

|)ortion  of  i)ars  inusculosa  {p.  m.),  the  pars  prostatiea  (p.  p.),  terminal"  i 

••"pnl.itniy  ap|)aratus,  intestinal  ceca  (i.),  and  vitellaria  (v.  g.).     En-  j 

larged.     Original.  | 

"The  vortical  Tiica.-^nromonts  aro  not  in  arcurato  projiortion  to  tli(>  dorso-vontral  I 

(liatnctcPH  and   the  dorsal  lino  is  hypothotical.     It  is  hasod  on  a  sorios  of  transvorne  ! 

Hpctions,  Ihothiokno.s.sof  whicli  was  not  known  and  could  not  l)c  dotorniincd  accurately,  i 
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Fig.  127.— Transverse  section  at  d-d,  fig.  123.  Shows  uterus  {uL), 
oils  of  pars  musculosa  (p.  m.),  the  vesicula  semmalis  {v.  s.),  intes- 
inal  ceca  (i.),  and  vitellaria  {v.  g.).     Enlarged.     Original. 

Fig.  128.— Transverse  section  at  e-e,  fig.  123,  through  overlapping 
tortious  of  the  testes;  t.  d.,  cephalic  testis;  t.  s.,  caudal  testis;  v.  e.  s., 
3ft  vas  efferens  from  caudal  testis;  i.,  intestines;  ut.,  uterus;  v.  g., 
■itellaria.     Enlarged.     Original. 

Pi(j.  129.— Transverse  section  at  f-f,  fig.  123.  To  show  pore  of 
.aurer's  canal  (L.  c),  ovary  (ov.),  shell  gland  (s.  g.),  uterus  (ut), 
excretory  vesicle  (ex.  v.),  caudal  testis  (t.  s.),  right  and  left  transverse 
dtello-ducts  (t.  vd.),  intestinal  ceca  (i.),  common  vittello-duct  (c.  vd.), 
tcetabulum  (ac),  and  vitellaria  (v.  g.).     Enlarged.     Origmal. 

Fig.  130.— Transverse  section  at  g-g,  fig.  123  (level  of  excretory 
)ore).  Ex.  2?.,  excretory  pore;  ex.  v.,  excretory  vesicle;  v.  g.,  vitel- 
ogene  gland  (right);  ac,  acetabulum.     Enlarged.     Original. 

PARAMPHISTOMUM  SIAMENSE,  new  species. 

[Figs.  131  to  136.] 

Specific  diagnosis.— Paramphistomum  (p.  73):  Body  6  to  9  mm.  long  by  4  mm. 
iroad;  rather  cornucopia-like  in  form,  greatest  transverse  diameter  just  caudad  of 
equator;  greatest  dorso-ventral  diameter  about  at  cephalic  margin  of  aperture  of 
icetabu'lum;  tapers  at  first  moderately  then  more  rapidly  to  a  bluntly  pointed  oral 
extremity;  caudal  extremity  bluntly  rounded;  longitudinal  outline  of  lateral  mar- 
gins decidedly  convex;  anterior  half  of  body,  especially,  somewhat  compressed  dorso- 
v-entrally,  venter  somewhat  concave  (to  some  extent,  at  least,  artifact),  dorsum 
irched  (convex)  in  both  axes.  Surface  smooth,  except  for  slight  transverse  ridge- 
like striations  and  a  few  scattered,  small  ventral  papillse.  Genital  pore  ventro- 
uiedian,  about  one-sixth  of  length  of  body  from  oral  end  and  at  zone  of  intestinal 
l)ifurcation.  Acetabulum  very  large,  3.5  to  5  mm.,  in  press  preparation  2.6  mm.  in 
vertical  diameter,  in  sagittal  section  anatomically  terminal,  but  because  of  curving  of 
body  appears  to  open  ventro-caudad  subterminally;  aperture  1.2  to  1.3  mm.  in  longi- 
tudinal and  1.3  to  1.4  mm.  in  transverse  diameter,  directed  ventro-caudad,  sunken 
slightly  below  surface  of  worm.  Mouth  terminal,  leads  directly  into  globular  oral 
sucker  the  lumen  of  which  is  without  papillee;  esophagus  somewhat  shorter  than 
sucker;  intestinal  ceca  long,  extending  about  to  equator  of  acetabulum.  Excretory 
pore  dorso-median,  cephalad  of  pore  of  Laurer's  canal,  2.35  mm.  cephalad  of  caudal 
extremity  in  a  sagittal  section,  and  about  on  plane  of  cephalic  margin  of  acetabuhmi; 
excretory  vesicle  dorsal  of  acetabulum,  long,  extending  from  near  cephalic  margin  of 
acetabulum  to  near  caudal  end  of  body. 

Male  orfjaiis:  Testes  situated  in  axial  region  of  equatorial  third  of  body,  one  dorso- 
caudad  of  the  other;  vasa  efferentia  arise  on  cephalic  aspect  of  testes,  vas  deferens 
with  much  coiled  vesicula,  continued  as  musculosa  to  near  base  of  genital  papilla, 
where  it  changes  to  pars  prostatica;  short  ductus  ejaculatorius  in  papilla,  joins  -mth 
mciraterm  to  form  ductus  hermaphroditicus,  which  opens  at  vertex  of  papilla,  the 
latter  projecting  into  a  shallow  atrium. 

Female  organs:  Ovary  somewhat  pyriform,  slightly  lateral  of  median  line,  doi-sal  of 
equator  of  acetabulum;  shell  gland  somewhat  globular,  about  on  same  transverse 
plane  but  a  little  median  of  ovary;  vitellaria  with  closely  aggregated  follicles,  in  lat- 
eral region,  extending  caudad  from  base  of  sucker  to  slightly  beyond  intestinal  ceca; 
uterus^extends  cephalad  from  shell  gland,  coils  ventrally  of  shell  gland  and  ovarj', 
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passes  cephalad  dorsally  of  testes,  beneath  arch  of  vasa  efferentia,  then  cephalo-  { 
ventrad  to  genital  papilla;  it  is  very  well  developed  and  nearly  fills  space  between  • 
ceca;  Laurer's  canal  skirts  right  side  of  excretory  vesicle  and  opens  slightly  dextral  t 
of  dorso-median  line,  caudad  of  excretory  pore. 

Eggs:  Rather  numerous,  120/i  in  length  as  measured  in  sections  of  uterus. 

Type.— U.S. P.H.  &  M.-H.S.  9970. 

Habitat. — Bile  ducts  of  a  calf  (Bos  hidicits  var.)  in  Phrai)atoom,  Siam. 

Source  of  material. — This  parasite  was  sent  from  Phrapatooni,  \ 
Siam,  l)y  Dr.  P.  G.  Wooley,  who  obtained  it  from  the  common  bile 
ducts  of  a  "calf"  (variety  of  Bos  indicus). 


EXTERNAL    t'1/AHACTERS. 

Size. — One  specimen   meastired    in  glycerin  alcohol  was  about  6 

mm.  long  by  about  4  niiu.  in  greatest 
width;  another  measured  on  the  slide  jia 
a  press  preparation  was  9  nun.  long. 

Form. — In  form  (fig.  131)  the  worm  re- 
sembles a  Sicilian  fisherman's  cap  or  a 
cornucopia.  The  caudal  extremity  is 
large, formed  by  the  acetabulum,  the  aper- 
ture of  which  is  directed  venti-o-caudad. 
I'lie  body  tapers  toward  the  ccjdialic  ex- 
I  remity  which  is  bluntly  i)ointed  and 
j)ierced  l)y  the  nioiUh;  the  latter  may  be 
directed  slightly  forward  (ventrad).  The 
body  of  the  animal  apj)ears  somewhat 
compressed  dorso-ventrally.  The  venter 
ap])cars  slightly  excavated,  due  ])erhaj>s 
to  the  contraction  incident  to  fixing.  The 
dorsal  surface  is  arched  from  side  to 
side,  and  the  longitudinal  axis  of  the  body  forms  a  curve  with  con- 
vexity dorsad. 

Surface. — The  surface  cuticle  is  smooth,  exce])t  for  a  few  slight 
transverse  striations  and  a  few  small  scattered  ventral  j)apilla^  near 
the  region  of  the  genital  j)ore. 

Genital  pore. — In  the  ventro-median  line,  about  one-sixth  the 
length  of  the  body  from  the  oral  extremity,  is  a  slight  circumscribed 
bidging,  in  the  center  of  which  is  the  genital  pore. 

A<(f(iJ>iihini. — The  acetabuhun  is  large  and  occupies  the  caudal  por- 
tion (if  tlie  body.  In  three  press  ])reparations  it  measured  3.5,  4,  and 
5  nun.  in  diameter  respectively;  in  a  sagittal  section  it  measured  2.6 
nun.  in  viMlieal  (hameter,with  an  aj)erture  1.23  mm.  in  the  same  diam- 
eter. In  three  alcohol  specimens  the  aperture,  whicli  is  directed 
downward  and  I'oiwnr*!  (ventro-caudad),  measured  from  1.2  to  2  imn. 
in  longitudiuid   ihanieter  and    1.3  to  1.4  mm.  in  transverse  diameter. 


Fig.  131. 
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INTERNAL   ANATOMY. 

Digestive  tract.— The  mouth,  which  pierces  the  bluntly  pointed 
cephalic  extremity,   leads  directly  into  the  sucker.     The  latter  is 
muscular  and  globular  in  form  (figs.  132,  133,  135)  and  is  inclosed  in 
a  well-defined  space,  beuig  held  in  place  by  its  attacliments  at  its 
oral  and  basal  poles  and 
b}^  mesenterium-like 
strands.     Its  lumen, 
somewhat     spindle- 
shaped  and  without  pa- 
pilte,  leads  into  a  short 
esophagus.    Close  to  the 
dorso-caudal    aspect    of 
the    sucker    there    is    a 
transverse  ganglionic 
cord.     The  esophagus, 
passing  from  its  origin, 
appears  to  describe  a  U- 
shaped  curve,  with  the 
base  of  the   U  ventrad, 
and  then  divides  into  two 
intestinal  ceca.     The  in- 
testinal ceca  pass  latero- 
ventrad  from  their  point 
of  origin  and   after  ap- 
proaching the  lateral 
margin,  from  which  they 
arc  separated  by  the  vi- 
telline glands,  they 
change  their  course  cau- 
dad.    They  terminate  by 
blind  extremities  at 
about  the  level   of    the 
equator  of  the  acetabu- 
lum.    The  cecal  end  of 
the  right  intestine  extends  a  little  farther  caudad  than  that  of  the 
left.     In  transverse  section   they   are  of  irregular,  variable  outline, 
and  of  considerable  and  variable  caliber  in  the  same  specimen.     The 
lumen  of  the  sucker  and  esophagus  is  Imed  by  a  thm  layer  of  cuti- 
cle which  ceases  abruptly  at  the  esophageal  fork.     The  intestinal 
ceca  are  lined  by  a  layer  of  epithelium. 

Genital  system.— IfoZe  organs.— The  testes  (fig.  132)  are  placed 
one  dorso-caudad  or  latero-caudad  of  the  other  in  the  axial  region  of 
13893— Bull.  60—10 11 
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the  equatorial  third  of  the  body.  Thej^  appear  crowded  together,  so  ; 
that  the  contiguous  portions  may  overlap.  In  one  of  the  specimens  i 
the  degree  of  this  overlapping  was  ver\^  great,  whereas  in  another  i 
there  was  none  at  all,  tlie  testicular  zones  being  separate,  though  ; 
contiguous.  I 

The  form  of  the  testes  is  irregular  and  varies  in  the  different  speci-  j 
mens;  this  variation  is  probably  due  partly  to  a  difference  in  the  I 
degree  to  which  the  uterus  is  filled  with  eggs  and  partly  to  the  degree  i 
of  general  contraction  in  the  fixing  and  hardening  processes.  As  seen  i 
in  sections,  their  surface  is  more  or  less  indented.  There  appears  , 
also  to  be  considerable  variation  in  their  position  in  relation  to  the  i 
acetabulum.     In  some  specimens  the  posterior  testis  is  above  (cepha-  . 

lad  of)  the  upper  margin  of  the  ! 
acetabulum;  in  others  (figs.  132,  , 
136)  it  extends  to  the  equator! 
of  the  acetabulum,  the  caudal  , 
aspect  of  the  anterior  testis  ap-  j 
pearing  to  rest  on  the  upper  mar-  , 
gin  of  the  acetabuhiin. 

In  neither  of  two  series  of  ] 
transverse  sections  could  the  j 
two  vasa  efferentia  be  followed] 
for  quite  their  entire  extent,  al-  j 
though  in  one  of  them  only  a  i 
verysmallportionof  their  course  i 
was  not  observoil.  Completing  j 
this  portion  from  the  other  se-1 
ries,  the  following  results  were:| 
obtained; 

A  vas  efFerens  rises  from  ouch  ! 
testis;  that  from  the  rigl\t  (on 
cau(hd)  testis  springs  from  the  superior  (cephalic)  margin  of  the  right ! 
lateral  aspect  and  passes  cephalad  close  to  the  right  lateral  aspect  of' 
the  superior  (or  left)  testis. 

Tiie  vas  eflerens  of  the  left  (or  superior)  testis  springs  from  the' 
cephalic  aspect  of  the  latter  and  passes  mediad  and  sliglitly  caudadii 
to  unite  with  the  right  vas  eiTerens  to  form  the  vas  deferens.  Thel 
latter  is  dir(>cted  dorsad  and  almost  at  once  dilates  to  form  tlie  much- i 
coiled  tliiii-widled  vesicula.  Tlie  latter  passes  ventrad.  its  walli| 
becomes  tliick  and  its  lumen  becomes  contracted  (pars  musculosa);i 
as  this  latter  approaches  the  base  of  the  genital  papilhi  it  becomes |i 
surrounded  by  a  large  mass  of  cells  (pars  prostatica)  which  disappear) 
as  the  duct  enters  the  pa])illa.  The  exceedingly  sliort  terminal  por- i 
tion  or  ductus  ejaculatorius  joins  with  the  metraterm  in  a  comnioiiL 
canal,  the  ductus  hermaphroditicus,  which  opens  at  the  vertex  ofji 
the  genital  papilla  (fig.  132). 
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FeTmle  organs.— The  ovary  (fig.  136)  lies  a  little  to  the  left  of  the 
ledian  line  in  the  caudal  portion  of  the  body,  dorsally  of  and  in  a 
lane  passing  through  about  the  equator  of  the  acetabulum.  It  is 
omewhat  pear-shaped,  with  its  larger  pole  to  the  right.  From  this 
xtremity  the  oviduct  arises  and  passes  to  the  shell  gland.  The 
bell  gland  is  close  to  and  a  little  to  the  right  of  the  ovary  and  in 
bout"  the  same  transverse  plane.  It  is  somewhat  globular,  with  a 
iameter  about  equal  to  the  ventro-dorsal  diameter  of  the  broader 
nd  of  the  ovary.  It  is  pierced  on  its  left  aspect  by  the  oviduct  and 
,n  its  caudal  aspect  by  the  vitello-duct  which  joins  the  former;  the 


Fig.  134. 


duct  formed  by  their  union  is  directed  obliquely  cephalad  and  to  the 
right  dilating  to  form  the  ootype,  beyond  which  it  is  continued  as  the 
uterus.  The  uterus  emerges  from  the  cephalic  or  ventro-cephahc 
aspect  of  the  shell  gland  and  proceeds  cephalad,  first  forming  some 
coils  ventrally  of  the  shell  gland  and  ovarj^  In  its  course  cephalad 
it  passes  dorsally  of  the  testes,  and  its  coils,  with  lumen  distended 
with  eggs,  fill  the  space  between  the  intestinal  ceca.  Above  the  level 
of  the  anterior  testis  it  forms  coils  beneath  the  vas  deferens  and 
passes  ventrad  toward  the  genital  papilla,  and  openmg,  as  already 
mentioned,  into  a  short  duct  common  with  it  and  the  male  canal. 
The  genital  pore  opens  on  the  ventral  surface  at  the  level  or  slightly 
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cephalad  of  the  esophageal  fork.  It  leads  into  a  shallow  atrium,  the 
dorsal  wall  of  which  is  formed  by  a  low  conical  papilla  at  the  verte^ 
of  which  is  the  opening  (porus  hermaphroditicus)  of  the  short  duel 
(ductus  hermaphroditicus)  into  which,  as  has  been  noted,  the  male 
and  female  canals  open. 

The  vitellogene  glands  consist  of  well-developed  follicles  (of  the 
type  of  P.  cervi),  more  or  less  closely  aggregated  close  underneath  the 
lateral  body  walls.  They  are  found  not  only  laterally,  but  also  doi^ 
sally  and  ventrally  of  the  ceca.  They  begm  about  at  the  level  of  th^ 
base  of  the  sucker  and  extend  into  the  caudal  portion  of  the  body 
to  a  point  a  little  beyond  the  termination  of  the  intestinal  ceca.  A 
duct  leaves  each  gland  a  little  below  the  level  of  the  upper  margin  of 
the  acetabulum  and  passes  ventrad  of  the  corresponding  intestine? 
towanl  the  shell  gland,  near  the  ventro-caudal  aspect  of  which  theyi 
unite  to  form  a  dilated  reservoir  (fig.  136).     From  this  reservoir  a{ 

slenderduct  arises  and  i 
j)ierces  the  caudal  jis-i 
pect  of  the  shell  gland  i 
to  join  the  oviduct,  i 
Laurer's  canal, 
springs  from  the  ovi-l 
duct  just  as  the  latteij 
is  about  to  enter  the, 
shell  glnnd.  it  de-l 
scribes  a  sligiit  curve: 
to  the  right  around  I 
the  cor respo n d  ingi 
iiiaigin  of  the  excre-i 
torv  vesicle,  to  open  on  the  dorsal  suifacc  a  Utile  below  the  excretory  I 
|)ore,  slightly  to  the  right  of  the  median  line.  |  | 

Kxc'HETORY  SYSTEM. — Only  the  excretory  vesicle,  terminal  canal. j 
and  excretorv  ])ore  could  be  satisfactorily  traced.  The  vesicle  lie>i 
in  I  he  candal  poilion  of  the  body  dorsally  of  the  acetabulum.  It' I 
fundus  extends  to  n(>ar  the  caudal  extremity  of  the  worm,  and  it..', 
body  extends  cephalad  close  under  the  dorsum  to  the  level  of  the: 
upper  margin  of  the  acetabulum,  at  which  it  terminates  by  a  short; 
duct  which  opens  in  the  tlorso-median  line  (fig.  134)  at  the  excre-j 
tory  ])ore,  and  about  2.85  nun.  from  caudal  extremity,  meii-sured  ir : 
sagittal  section.  j 

RELATIONS    TO    OTHER    SPECIES.  I 

This  sjiecies  resend)l(>s  I'dramphist.  cervi  and  P.  fratermim.     It  dif  I 
fers  from  /'.  cervi  in  the  form  of  the  body,  that  of  /'.  ctrvi  being  mon  | 
sleiuler  and   more  elongate;  in   the  size  of  acetabulum,   that    of  P 
cervi  being  definitely  smaller;  in  the  position  of  the  genital  pore,  tha' 
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)f  P.  cervi  being  relatively  farther  caudad,  about  one-third  of  the 
)ody  length  from  the  oral  margin  and  at  or  caudad  of  the  esophageal 
"ork,  whereas  in  this  species  the  genital  pore  is  only  about  one-sixth 
he  body  length  from  the  oral  margin  at  or  cephalad  of  the  esopha- 
geal fork— that  is,  relatively  much  nearer  the  level  of  the  base  of 
•he  sucker  than  is  the  genital  pore  of  P.  cervi. 

From  P.  fraternum  also  it  differs  in  the  form  of  the  body,  that  of 
F.fraternum  being  markedly  less  flattened  and  its  cephalic  third 
iecidedly  more  slender  and  more  nearly  conical;  in  the  size  of  the 
acetabulum,  that  of  P.  fraternum  being  relatively  smaller;  in  the  posi- 


FiG.  136. 

tion  of  the  genital  pore,  that  of  P.  fraternum  being  proportionately 
nearer  the  oral  extremity,  namely,  about  one-eighth  the  body  length 
from  this  extremity  and  at  or  slightly  cephalad  of  the  level  of  the 
base  of  the  sucker. 

ILLUSTRATIONS. 


Fig.  131.— Ventral  aspect.     Enlarged.     Original. 

Fig.  132.— Sagittal  section.  Shows  oral  sucker  (o.  s.),  section  of 
right  intestinal  cecum  (i.),  the  two  testes  {t.),  the  vesicula  seminalis 
{v.  s.),  the  pars  musculosa  (p.  m.),  the  genital  pore  (g.  p.),  the  uterus 
(ut.),  iind  the  acetabulum  (ac).     Enlarged.     Original. 
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Fig.  133. — Sagittal  section  of  oral  extremity.  Shows  oral  sucker  \ 
(o.  s.),  perisuctorial  space  (p.  s.  sp.),  esophagus  (es.),  section  of  right  { 
intestinal  cecum  (i.),  the  vesicula  seniinalis  {v.  s.),  pars  musculosa  i 
(p.  m.),  ductus  ejaculatorius  {d.  e.),  ductus  hermaphroditicus  {d.  h.),  i 
genital  papilla  (g.  pap.),  the  metraterm  (va.),  uterus  distended  with  I 
eggs  (id.),  and  cephalic  portion  of  superior  testis  (t.).  Enlarged,  j 
Original.  j 

Fig.  134. — Sagittal  section  of  caudal  extremity.  Shows  acetab-  I 
ulum  (ac),  the  testes  (t.),  excretory  vesicle  (ex.  v.),  excretory  pore  | 
(ea;.  p.),  Laurer's  canal  (L.  c),  shell  gland  (s.  g.),  and  uterus  (ut.),  j 
Enlarged.     Original. 

Fig.  135. — Transverse  section,  shows  oral  sucker  (o.  s.),  peri- j 
suctorial  space  (p.  s.  sp.),  and  follicles  of  right  vitellogene  gland  (v.  g.).  I 
Enlarged.     Original. 

Fig.  136. — Transverse  section  through  cau(hd  extremity  of  right  i 
(caudal)  testis  (t.).  Shows  position  and  relations  of  ovary  (or.),  i 
shell  gland  (s.  g.),  vitelline  reservoir  (r.  /•.),  uterus  (nt.),  vitellaria  I 
(v.  g.),  intestinal  ceca  (i.),  and  acetabulum  (ac).     P^nlarged.    Original. 

STEPHANOPHARYNGINiE,  new  subfamily. 

Subfamily  diagnosis.— (Paramp/iis^omtWa',    p.    (iO):     Oral   sucker   with   circular  j 

evagination.  j 

Type  genus. — Stephanopharynx  Fischffider,  1901.  [ 

The  circular  evagination  of  the  oral  sucker  appears  to  be  an  inijior-  i 
tant  character.  At  first  thought  it  seems  more  important  than  tlie  | 
sexual  characters,  still,  when  one  recalls  that  the  intestinal  characters  I 
of  tlie  distomes  are  not  of  such  great  value  as  one  is  tempted  to  accord  i 
to  them,  it  is  not  absolutely  excluded  that  su])family  value  is  higher  i 
tlum  this  character  justifies.  Accordingly,  this  sul)riiinily  is  pioposed  | 
with  some  reserve. 

Tlu>  one  gcinis  (Stephanopharyn.r)  known  for  this  giou]),  j ) resents  i 
also  the  following  important  characters:  Clcnital  sucker  and  cirrus  | 
])ouch  absent,  body  not  divided. 

Fischceder  classified  Stephanopharynx  in  Paramj)histominse.  With  I 
tliis  view  it  isdillicult  to  concur,  and  U  Sfi  pJi(i)U))>Jiari/n.r  wove  c\i\ss\i\od  ■ 
witii  the  rA/</o/cA?//(r7,  there  should  be  a  distinct  tribe  erected  for  it.  i 

Genus  STEPHANOPHARYNX  Fischceder,  1901. 

] 

Generic  diagnosis." — Stepli<in(>]>li(iynioin;v  (p.  l(iS):  Jlody  coniprossod.  r^lijjhtly  I 
ronciivo  vcntrad,  convex  dorsad,  hut  slij^hlly  flattened  doi-so-ventnilly,  ceiilialii- and  I 
caudal  ends  rounded,  sides  excurvate  longitudinally.  Ventral  pouch  ahHcnl.  .Xcelab-  i 
ulum  veutro-aub terminal,  large,  not  sunken,  margin  not  raised,  aperture  large.  I 
Genital  pore  with  considerable  musculature  which  is  not  sharply  defined  in  form  of »  I 
Buck«'r,  atrium  divided  into  large  ventral  and  small  dorsiil  chamber,  ductus  hermaph-  i 
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jditicus  present.  Excretory  pore  prevesicular  in  acetabular  zone,  caudad  of  Laurer's 
anal.  Oral  sucker  with  circular  evagination,  larger  dorsally  than  ventrally;  esoph- 
gus  without  muscular  thickening;  ceca  very  wavy,  end  postequatorial,  posttesticular. 
Male  organs:  Testes  2,  smaller  than  acetabulum,  with  small  lobes,  fields  nearly 
oincide,  zones  abut  or  separate,  preovarial,  not  widely  separated  from  acetabulum, 
a  equatorial  and  caudal  thirds;   musculosa  well  developed,  but  not  enormous;  cirrus 

louch  absent. 

Female  organs:  Ovary  and  shell  gland  posttesticular;  vitellaria  pre-  and    cecal, 
.refuse;  uterus  intercecal;  eggs  many;  Laurer's  canal  entirely  preexcretory. 

Type  species. — S.  compactus  Fischoeder,  1901. 

Subfamily  CLADORCHnN^  FischcBder,  1901. 

Subfamily   Dixcsosis.—Paramphistomidie  (p.    60):   Oral    sucker  with  a  pair  of 
ivaginations. 
Type  genus. — Cladorchis  Fischoeder,  1901. 

Fischceder  included  in  this  subfamily  the  genera  CladorcJiis  (subg. 
CladorcUs,  Taxorchis,  and  Stichorchis) ,  Chiorchis,  Gastrodiscus,  Homa- 
'ogaster,  and  (as  doubtful)  Diplodiscus. 

We  have  separated  out  (see  p.  249)  Gastrodiscus  and  Homalogaster , 
thereby  restricting  the  group  in  one  sense,  and  by  eliminating  certain 
characters  from  the  subfamily  diagnosis  we  have  widened  the  scope 
of  the  group  in  another  sense.  It  is  very  possible  that  the  group 
may  undergo  further  changes  on  basis  of  the  different  kinds  of 
evaginations. 

Genus  CLADORCHIS  Fischoeder,  IMI. 

Generic  mAG^osis. a— Cladorchiinse  (p.  169):  Genital  pore  with  sucker.  Evagina- 
tions of  oral  sucker  recognizable  outside  the  wall  of  the  sucker;  esophagus  without 
muscular  thickening. 

Male  organs:  Testes  branched . 

Type  species.— C.  pyriformis  (Diesing,  1838)  Fischceder,  1901. 

Fischoeder  divides  this  genus  into  3  subgenera,  but  it  seems  to  us 
possible  that  his  genus  Chiorchis  is  perhaps  of  tribal  value  and  his 
subgenera  of  generic  value. 

Subgenus  CLADORCHIS  Fischceder,  1901. 

SuBGENERic  DiAGNOSis.Q— C7a(/orc/iis  (p.  169):  Body  rather  pyriform,  venter 
flattened  to  convex,  dorsum  convex,  cephalic  end  attenuate,  caudal  end  rounded. 
Ventral  pouch  absent.  Acetabulum  caudal,  ventral,  rather  large  to  large,  apparently 
sunken  or  not  sunken,  margin  apparently  raised  or  not  raised,  aperture  circular, 
api)arently  medium  to  large.  GenUal  pore  with  sucker,  ductus  hermaphroditicus 
present.  Excretory  pore  postvesicular,  post-  or  acetabular,  caudad  of  pore  of  Laurer's 
canal.  Oral  sucker  with  paired  strongly  developed  evaginations,  and  with  not 
sharply  bounded  sphincter;  esophagus  without  muscular  thickening;  ceca  very  wavy, 
long,  end  postequatorial,  posttesticular,  post-  or  acetabular. 

Male  organs:  Testes  2,  smaller  than  acetabulum,  branched,  fields  abut,  zones  nearly 
coincide,  preovarial,  near  acetabulum,  in  equatorial  third,  near  venter;  cirrus  pouch 
present. 

"  Based  on  Fischceder,  1903h. 
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Female  organs:  Ovary  and  shell  gland  posttesticular;  vitellaria  in  cecal  zone,  tes- 
ticular and  post-,  may  be  pretesticular,  stretching  ventrally  and  dorsally;  uterus  inter- 
cecal;  Laurer's  canal  entirely  pre  vesicular. 

Type. — C.  pyri/ormis  (Diesing,  1838). 

Habitat. — Cecum  of  South  American  Tapirus. 

Subgenus  STICHORCHIS  Fischoeder,  1901. 

Generic   mAGysosis.a—Cladorchis    (p.    I(i9):    Body   straight,    venter  rather   flat, 

dorsum  convex,  cephalic  third  notably  attenuate,  caudal  end  attenuate  but  rounded.  ) 

Ventral  pouch  absent.     Acetabulum  caudal,   ventral,  slightly  sunken,  margin  (?);  j 

aperture  circular,  large.     Genital  pore  with  sucker,  latter  with  distinct  sphincter.  1 

Excretory  pore  apparently  postvesicular,  in  acetabular  zone,  caudad    of    pore    of  | 

Laurer's  canal.     Oral  sucker  with  sphincter  and   paired   evaginations;  esophagus  ii 

without  muscular  thickening;    ceca  slightly  wavy,   long,  end  postequatorial,  post-  i 

testicular,  in  acetabular  zone.  ; 

Male  organs:  Testes  2,  about  as  large  as  acetabulum,  branched,  fields  and  zones  j 

overlap,  preovarial,  somewhat  separated  from  acetabulum,  near  venter,  in  equatorial  \ 
third;  cirrus  pouch  small. 

Female  glayids:  Ovary  and  shell  gland  almost  entirely   posttesticular;  vitellaria  i 
from  bif ureal  to  postcecal  zones;  uterus  intercecal;  eggs  (?);  Laurer's  canal  entirely 
prevesicular. 

Tyj'K  .species. — S.  giganteus  (Diesing,  1835). 

Genus  TAXORCHIS  (Fischoeder,  IMl). 

Generic  dikg'hosis. a~Cladorchiinx  (p.  169):  Body  elongate,  flattened,  venter  flat,  j 

dorsum  somewhat  convex.     Ventral  pouch  absent.     Acetabulum  terminal,   rather  ■ 

large,  aperture  elongate.     Genital  pore  with  sucker,  ductus  herinaphroditicus  i)resent.  I 

lOxcretory  pore  (?).     Oral  sucker  with  sphincter  and  well-develojjed  paired  evagina-  I 

lions;  esophagus  without  muscular  thickening;  ceca  broad,  slightly  wavy,  near  dorsum,  | 

long,  end  i)ostequatorial,  posttesticular,  in  acetabular  zone.  j 

Male  organs:  Testes  2,  nearly  as  large  as  acetabulum,  branched,  fields  separate,  i 

zones  coincide,  preovarial,  preequatorial,  widely  separated  from  acetabulum  and  i 

ovary;  cirrus  pouch  present.  j 

Female  organs:  Ovary  and  shell  gland  posttesticular,  near  acetabulum:  vitellaria 

in  cecal  zone,  entirely  posttesticular;  uterus  intercecal,  chiefly  posttesticular,  unusu-  I 

ally  well  develoj^ed,  first  runs  near  dorsum  cephalad  to  testes,  then  diagonally  caudad  i 
near  venter,  then  near  venter  cei)halad  to  pore;  ova  numerous.     Laurer's  canal  (?).     f 

Type.— r.  srhistoroti/lc  Fischa-der,  1901. 

Hahitat.— Cocuin  nf  Brazilian  DIcotylcs.  \ 

V\sc]uv(\vv  o;iv(>s  Tdxorchis  as  a  siil)r!:onti,s  of  Cladorvlis,  but  tlio  I 
form  and  po.sitiou  of  the  tostcs  and  tlie  |)ositi()U  of  the  iitoni.s  soo\u  to  ; 
us  lo  entitle  it   to  i^ciKM'ic  fiiuk. 

(icnus  PStUDODI.SCl  S  .Sonsiiio,  IsOS.  i 

1895:  I'seitdndlscus  aim\  Amphist.     {I'scudodisrusi)  Sonsino,  1895,  5,  8  ((nr  hnirhsi,  ! 

CDtlinsi,  oniatuin);  1895,   184,  185,   ISti;  189<),  310.— lMscha>der,    I903h,  ■tS9,  ^ 

(i31 -(532.— Plana  &  Rtazzi,  1900a,  523.  1 

Generic  m\QSOHis.~riadorchiinx  (p.  169):  Body  oval,  venter  convex  to  concave,  i 

dorsum  convex,  cephalic  end  less  blunt  than  bluntly  rounded  caudal  end,  transverse  i 

section   elliptical.     Ventral   pouch   ab.Ment.     Acetabulum    ventral    relatively   small,  \ 

margins  proniincutly  ])nijecting.     Genital  pore  ])ostbifurcal  without  sucker,  ductus  i 


"Based  on  i'ischo'dcr,  1903h. 
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hermaphroditicus  present.  Excretory  pore  postvesicular  in  postacetabular  zone, 
caudad  of  pore  of  Laurer's  canal.  Oral  sucker  prominently  constncted  at  equator, 
with  a  pair  of  evaginated  horns,  each  with  a  globular  pouch;  esophagus  without  mus- 
cular thickening;  ceca  wavy,  long,  end  postequatorial,  posttesticular,  in  acetabular 

'"  VaZ.  organs:  Testes  2,  smaller  than  acetabulum,  cauliflower-like,  testicular  fieWs 
separate,,  zones  coincide,  preovarial,  considerably  or  slightly  removed  from  acetabu- 
lum, chiefly  or  entirely  in  equatorial  third,  near  venter;  musculosa  not  enormously 
developed;  cirrus  pouch  absent.  •,  „     •      „^*^^„^ 

Female  organs:  Ovary  and  shell  gland  chiefly  posttesticular;  vitellana  extend 
extracecal  about  from  buccal  pouches  to  acetabulum;  uterus  mtercecal  chiefly  post- 
testicular; ?  eggs;  Laurer's  canal  cephalad  and  dorsal  of  excretory  vesicle. 

Eqqs:  Not  observed.  ■      t   j-o 

Type  ^v^cms.-Amphist.  stanhyii  Cobbold,  1875,  from  Equus  cahallus  in  India, 

type  by  present  designation. 
Hosts. — Horses  and  elephants. 

This  c^eniis  is  left  provisionally  in  the  subfamily  CJadorcUinse, 
although  indications  are  not  entirely  absent  that  it  may  eventually  be 
eliminated  from  this  group. 

Sonsino  (1895,  anno  6,  5,  8)  proposed  this  genus  as  a  member  ot  the 
AmpJdstomidse  and  gave  to  it  the  followmg  generic  diagnosis: 

Corpo  allungato,  convesso  pianeggiante,  sensa  manico  anteriore  distinto.  Ventosa 
posteriore  subterminale  piccola. 

He  included  in  the  genus  the  species:  Amphist.  liawliesi  [stanleyii] 

collinsi,  and  omatum. 

Piana  &  Stazzi  (1900,  523)  accept  Sonsino's  genus,  adding  to 
its  diagnosis  the  phrase:  ''La  faringe  coi  due  diverticoh  e  il  bulbo 
esofageo  musculosa."  ,..     z      7     • 

Fischoeder  (1902a,  48-49)  gives  the  species  Amphist.  hawkest, 
collinsi,  stanleyi,  and  omatum  as  species  inquirenda^. 

Fischffider  (190.3h,  489,  631-632)  mentions  the  genus  Pseudodiscus, 
but  in  view  of  the  slight  anatomical  details  then  knovm  for  its  species 
he  lists  them  all  as  species  inquirendse  of  AmpUstomum. 

In  reference  to  the  species  which  come  into  consideration  as  mem- 
bers of  this  genus,  Cobbold  (1879b,  357-359,  398)  states: 

More  importance  attaches  itself  to  the  study  of  the  amphistomatoid  flukes  [in 
equinesl.  These  parasites,  though  in  a  scientific  sense  only  recently  discovered  m 
equine  bearers,  have  been  long  known  to  the  natives  of  India.  They  appear  o  be 
capable  of  producing  serious  intestinal  irritation.  I  have  described  two  forms  (,4,«- 
pLoma  collinsii  and  A.  coll.  var.  stanleyi,  which  infests  the  colon.  The  specimens 
Lt  to  Professor  Simonds  from  India  by  Mr.  Stanley,  ^  .  S.,  were  much  larger  than 
those  sent  to  me  from  Simla  by  Mr.  Collins,  ^^  S.,  some  ten  years  later  (18- o.  As 
in  all  other  amphistomes  obtained  from  the  intestines  of  elephants  and  cattle  the 
worms,  when  fresh,  were  of  a  bright  brick-red  color.  By  the  natives  of  India  these 
parasites  are  called  Masuri;  but  no  description  of  the  worms  had  been  pubh.^hed  prior 
to  the  account  which  I  gave  of  the  contributions  forwarded  by  Major-General  Hawkes, 

Mr.  Collins,  and  Mr.  Stanley.  ,     .  •    ,u 

I  shall  have  occasion  to  speak  of  the  elephanfs  Masun  further  on;  but  m  the  mean- 
time I  must  remark  that  the  generally  received  noti..n  as  t..  the  parasitic  cause  of  the 
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earth-eatmg  propensities  of  various  animals  seems  to  have  some  foundation  in  fact. 
Not  alone  from  Major-General  Hawkes  in  Madras,  from  Mr.  Folkard  in  Ceylon,  and 
from  various  other  trustworthy  sources,  have  I  been  informed  of  this  habit  on  the  part  of 
Indian  horses;  but  Doctor  Rowe  told  me  that  Australian  horses,  and  even  sheep,  infested 
with  Btomach  worms,  are  in  the  constant  habit  of  consuming  large  quantities  of  sand. 
From  all  the  facts  that  have  come  before  me,  I  am  inclined  to  think  that  gastric  or 
intestinal  irritation,  however  brought  about,  may  induce  the  habit  in  question,  para- 
sites being  only  one  of  the  many  sources  of  irritation  gi^•ing  rise  to  symptoms  of  colic 
in  solipeds  and  pachyderms  alike.  At  all  events  the  African  elephants  at  the  London 
Zoological  Society's  menagerie,  as  repeatedly  witnessed  by  myself,  are  in  the  habit 
of  swallowing  large  quantities  of  soft  mud  during  the  summer  months,  but  no  tracea 
of  tnasuri  have  as  yet  been  detected  in  their  faeces. 

When  by  letter  I  informed  Major-General  Hawkes  of  an  interesting  find  by  Mr. 
Collins  of  about  a  thousand  Amphistomes  in  the  colon  of  a  horse  that  had  died  at  Simla, 
the  announcement  called  forth  a  reply  which  is  sufficiently  instructive  to  be  quoted. 
Writing  from  Secunderabad,  in  July,  1875,  he  says  respecting  this  "find:"  "Your 
statement  has  incidentally  thrown  light  upon  a  subject  which  has  puzzled  many  of 
us  in  this  country.  It  occasionally  happens  that  a  horse,  on  being  opened  after 
death,  is  found  to  have  accumulated  in  his  intestines  large  quantities  of  sand  and 
gravel.  In  a  recent  case  this  accumulation  amounted  to  14A  pounds.  Until  recently 
it  was  always  held  that  this  gravel  or  sand  could  only  be  introduced  with  the  animal'a 
food.  All  grain  in  this  country  is  trodden  out  by  bullocks  on  an  earthen  floor,  and 
the  grain  undoubtedly  contains  a  proportion  of  sand  and  gravel  derived  from  this 
source.  Although  this  ought  to  be  carefully  washed  out  before  it  is  given  to  the 
horse,  still,  owing  to  the  carelessness  of  the  native  horse  keepers,  this  cleaning  is,  I 
expect,  often  omitted.  In  the  daily  'feed'  of  8  or  10  pounds  of  grain  given  to  each 
horse  the  utmost  quantity  of  sand  or  gravel  that  could  be  found  admixed  therewith 
would  not  probably  exceed  2  or  3  ounces.  Consequently  it  would  take  from  seventy- 
seven  to  one  hundred  and  sixteen  days  to  accumulate  so  large  a  quantity  as  14J 
pounds.  Now,  the  advocates  of  the  theory  of  the  gradual  accumulation  of  sand  in 
this  way  have  never  been  able  to  explain  why  the  grain,  grass,  hay,  and  other  ingesta 
should  pass  in  the  ordinary  way  through  the  intestines  whilst  this  sand  or  gravel 
remains  behind.  One  can  understand  the  possibility  of  such  substances  as  wool, 
hair,  or  similar  matters  concreting  in  the  alimentary  canal,  though  I  believe  they  are 
usually  found  in  the  stomach  and  not  in  the  intestines;  but  how  a  most  incohesive 
substance,  like  sand,  can  possibly  accumulate  in  the  gradual  way  required  by  (heir 
theory  I  have  never  heard  even  plausibly  explained.  On  the  other  hand,  the  fact 
that  horses  are  often  excessively  addicted  to  eating  earth  is  well  known;  and  if  my 
memory  serves  me  correctly,  it  was  found  necessary,  about  twenty  years  ago,  to  remove 
the  mud  walls  of  the  pickets  surrounding  some  of  the  horses  of  a  mounted  corps  in 
this  presidency  in  consequence  of  this  habit.  Now,  given  the  fact  that  the  amphis- 
toina  has  been  found  in  the  horse  (as  your  specimens  prove),  may  we  not  fairly  sup- 
pose it  possible  that  the  animal  resorts  to  the  same  mode  of  ridding  himself  of  this 
parasite  as  does  the  elephant;  and,  also,  would  it  not  in  a  much  more  natural  man- 
ner account  for  the  large  quantity  of  gravel  or  sand  found  in  the  intestines  than 
does  the  theory  of  gradual  accumulation?  Reasoning  from  analogy,  as  in  the  case 
of  the  elephant,  this  eating  of  earth  in  the  hor.>^e  would  be  an  instinctive  effort 
on  the  jiart  of  the  'host'  to  rid  himself  of  the  i)arasite.  This  self-taken  remedy  is 
douljtless  in  many  cases  quite  effectual,  though  unnoticed.  The  fatal  cases  are 
prol)al)Iy  (hose  in  which  (he  horse  has  ei(her  overdone  the  remedy  or  where  the  sys- 
tem was  too  debilitated  to  carry  off  a  quantity  of  sand  or  gravel  that  would  otherwise 
have  safely  passed  through  the  intestines  of  a  horse  in  more  robust  health.  The 
actual  fact  must,  of  course,  bo  verified  bv  careful  investigation." 
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tome  from  that  animal;  but  in  the  letter  addressed  to  ne  ^ 

„.  Collin,  „ade  -  t::j^r':or  fXitlt  d>fd  aTbiect  of  .eve.  pe\u- 

by  th,e  ma,l  pa«s.to,  '»"»<»  ^^''^^  ^  j^„„3,„<,  „f  the  parasites,  and  nearly  Ae 

^^r:eroTXi:i:r:::v^eUrs;oM^^^^^^^^^^^^^ 

Mr/collins  are  '--f^-^Xrrr^nSTe^    ph  nTin^oTde'l  s^  one.  self 

Bpecmens  side  by  «'''°"*  *°|"';°"^^^„„,  ieady  stated,  I  provisionally  called 

-ri^'^rr  co-;ii:3Li^^^^^^^ 

zoological  position. 

The  known  species^  of  Pseudodiscus  may  be  distinguished  by  the 

following  key: 

•     ,  oarlv  or  nuite  coincide,   fields  separate;  esophagus  without 

a\  Testicular  zones  nearly  or  quite  comciae,  f  Pseudoducus,  V- l'^- 

,.='l"'ri.:a;.;r.e;.a^i.^^^^ 

half  as  broad  as  testicular  field;  body  8.6  to  9  mm.  long,^  >P^^^_^_.  ^  V^_^^ 

than  testicular  field;  body  5  U,  5.7  mm.  lon„,  typ       ^^  J^_.  ^  ^^^^ 
„,Tes.f:::;::^.™ara.,-u;.r.y^^eMspyor,ui^^ 

,,  rd;t5\?ar.Tonr;,:^hrc»"«-^ 

Subgenus  PSEUDODISCUS. 

SUBC...EH,C  m.„KOs,s.-P«.««  (p.  "'>■■  frtZlr'^'""'  *'*""" 
absent.    Testicular  zones  nearly  or  quite  cotnc.de,  fields  separate. 

Type  species.— Ps.  stanleyii. 

PSEUDODISCUS  STANLEYII  (Cobbold,  1875)  Stiles  &  Goldberger,  1910. 

[Figs.  137  to  151.] 

1875:  Amphist.  stanleyii  Cobbold,  1875n,  818,  819   as  possible  syn.  of  Amphi^t. 

rnllinsii  \ in  Equus  caballus,  India.].  .         _   ,. 

1879    "r;i<.  co««var.  ,ta«fe,i  Cobbold,  1879b,  S57  for  ^'«"^«'«  '^  '^^ '^ 

Fmus)  -Plana  &  Stazzi,  1900a,  519,  as  syn.  of  '""''""■-''""'■■/f'' !"■ 
1895 XL    »««  var.  ..an!«,i  Cobbold.-Sons.,  1895,  4  syn.  of  An,pKut. 

*„,.te;.-Fisch<eder,  1902a,  "^^  ^'f  ^  f   63  ^ 

co6a(ii«).— Fischo:der,  1902,  48.  ,,..-..  b 

^'T-"7rn'-:Trs^^:;"ir''?a^oLv;:ci:;:nroCi%Tmrbat 
Zeu:rd;rL^-ven\:.i;,rph*^xjLit« 

^Ex^ep^afus,  for  which  definite  data  are  lacking. 
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bluntly  rounded;  lateral  margins  convex,  greatest  diameter  (both  transverse  and 
sagittal)  about  at  caudal  end  of  equatorial  third  of  body;  cephalic  extremity  bears 
bluntly  pointed  slender  papillae.  Genital  pore  ventro-median  in  cephalic  portion  of  \ 
equatorial  third,  about  midway  between  oral  extremity  and  anterior  margin  of  ace^  j 
tabulum,  postbifurcal.  Acetabulum  ventro-sub terminal,  1.7  mm.  in  diameter,  aper-  ' 
ture  circular,  1  to  1.25  mm.  in  diameter,  surrounded  by  a  distinctly  raised  margin; 
cavity  rather  shallow.  ^Mouth  terminal;  oral  sucker  constricted  at  equator  into 
globular  oral  and  bibulbous  esophageal  portions;  each  lateral  bulb  connects  with  a 
globular  pouch;  the  bibulbous  portion  of  sucker  and  the  pouches  lie  on  each  side 
in  a  cavity,  but  are  bound  dorsally  and  ventrally  to  the  parenchyma  by  niesenterium- 
like  bands;  esophagus  arises  from  base  between  bulbs  and  extends  (at  "first  in  the  ven- 
tral mesenterium-like  band)  nearly  to  border  between  cephalic  and  equatorial  thirds 
of  body;  ceca  long,  extend  caudad  slightly  beyond  equator  of  acetabulum,  each  form- 
ing in  its  course  2  strongly  convex  lines  latero-dorsad,  which  come  together  near  caudal 
margin  of  testis.  Excretory  pore  dorso-median,  caudad  of  acetabulum;  excretory 
vesicle  well  developed,  dorsal  of  acetabulum. 

Male  organs:  Testes  large,  somewhat  lobulated  or  cauliflower-like,  ventral,  equa- 
torial, postbifurcal,  preacetabular,  their  center  slightly  nearer  caudal  than  cephalic 
margin;  vasa  efferentia  spring  from  dor.sal  aspect,  run  (•ei)halo-mediad,  then  mediad, 
unite  about  in  median  line  slightly  caudad  of  equator  of  body  to  form  vas  deferens; 
vesicula  seminalis  intricately  coiled,  moderately  dilated;  pars  musculosa  dilated, 
moderately  coiled,  extends  slightly  cephalad  of  genital  pore;  pars  prostatica  relatively 
short,  vesicular,  dorsal  of  pore,  with  short  narrow  muscular  canal  (ductus  ejaoulatorius) 
to  the  short  ductus  hermaphroditicus  which  leads  to  the  pore;  cirrus  pouch  absent. 

Female  organs:  Ovary  and  shell  gland  submedian,  posttesticular,  preacetabular, 
nearer  acetabulum  than  testes,  ovary  cephalad  of  shell  gland;  vitellaria,  with  well- 
developed  follicles,  lateral  of  ceca,  extend  about  from  base  of  esophageal  jwuches  to  or 
slightly  caudad  of  intestinal  ceca;  vitello-ducts  arise  about  at  plane  of  shell  gland; 
uterus  forms  coils  dorso-mediad  of  ovary,  then  passes  cephalo-ventrad  in  suctorial 
field  between  testes,  crossing  ventrally  of  vasa  efferentia,  and  runs  in  but  slight  coila 
ventrad  of  vas  deferens  to  enter  ductus  hermaphroditicus  dorsal  of  pore;  Laurer'a 
canal  runs  from  its  origin  (between  dorsal  margin  of  ovary  and  shell  gland)  caudo-  ' 
dorsad  to  dorso-median  line  slightly  caudad  of  cephalic  margin  of  acetabulum. 

Eggs:  Not  observed. 

Type.— U.S. N.M.  (Coll.  Stiles)  5274;  cotype  U.S.N.M.  (Coll.  Uassall)  5779,  sec- 
tioned and  used  as  basis  for  present  anatomical  discussion. 

Habitat.— Colon  of  the  horse  (Equiis  caballus),  India. 

Source  of  material.— The  matorial  used  as  basis  of  this  dis- 
cussion represents  some  of  (Vibbold's  original  specimens  which  he 
gave  to  Hassall;  the  hitter  brougiit  them  to  this  country.  Cobbold 
was  not  in  the  habit  of  designating  any  particuhir  specimen  as  type, 
but  Hassall  has  designatetl  5274  as  such  on  the  label. 

IIisToiiiCAL  REVIEW.— In  tiic  first  mention  of  the  name  Amphis- 
toma  stanleii'd  Cobbold  (1875n,  818,  819)  states  that  the  parasites 
were  collected  by  Edward  Stanley,  jr.,  from  the  colon  of  the  horse 
111  Tiidia;  in  size  they  appear  nearer  to  .1.  hawkesii  than  they  do  to 
..1.  coUinsii,  still  "this  is  apparently  nothing  more  thnii  .-i  large 
variety  of  the  above  [coUinsii]  (?)." 

Wiird  (IS!),'").  3.38)  merely  mentions  tiiis  form  as  a  .synon\ni  of 
Ainplnat.  coUinsi,  in  a  list  of  parasites  of  the  horse. 
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Fig.  137. 
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Sonsino  (1895,  4),  quoting  Cobbold,  mentions  the  worm  as  a  $yno- 
nym  of  AmpJiist.  hawkesi. 

Fischoeder  (1902a,  48;  1903h,  631,  632)  quotes  the  measurements 
as  10  mm.  long  by  6  mm.  broad,  states  that  this  form  occurs  m  the 
colon  of  Equus  cahallus  in  India,  and  marks 
the  parasite  as  a  species  inquirenda. 

EXTERNAL    CHARACTERS. 

gizE. — The  specimens,  preserved  in  alcohol, 
measure  9  mm.  and  8.6  mm.,  respectively,  in 
length;  5.5  and  5.6  mm.  in  greatest  width, 
and  3.5  and  4  mm.,  respectively,  in  greatest 
dorso-ventral  diameter. 

Color. — The  worms  are  of  a  flesh  tint. 
Form. — The    worms    are    ventro-dorsally 
somewhat    flattened    oval   objects,    with    a 
bluntly  pointed  oral  and  a  broad  rounded 
caudal    extremity     (figs.     137,     138).      The 
greatest  transverse  and  ventro-dorsal  diam- 
eters are  about  in  the  region  of  junction  of  the  middle  with  the 
caudal  third  of  the  body.     In  transverse  sections  the  form  of  the 
body  is  somewhat  that  of  an  ellipse. 

Surface.— The  surface  of  the  oral  pole  is  beset  by  small,  more  or 
less  bluntly  pointed,  quite  slender  papillae.     They  presented  much 
the  appearance  of  spines,  but  any  doubt  as  to 
interpretation  was  dissipated  on  studying  the 
sectioned  specimen. 

Genital  jwre. — On  the  ventral  surface  ui  the 
median  longitudinal  line,  about  midway  between 
the  oral  extremity  and  the  anterior  margin  of 
the  acetabular  aperture,  is  the  genital  pore. 
This  pore  is  situated  in  about  the  center  of  a 
broad  shallow  depression  of  the  ventral  surface. 
In  sections  it  is  seen  that  what  appears  to  be 
the  genital  pore  is  a  fairly  large  circular  aperture 
that  leads  into  a  circular  slit-like  atrium,  on  the 
dorsal  wall  of  which  appears  a  minute  pore 
which  leads  into  another,  somewhat  better  de- 
fined, chamber.  On  the  dorsal  wall  of  the  lat- 
ter is  the  opening  of  the  ductus  hermaphro- 
diticus.  These  atria  and  the  ductus  hermaphroditicus  are  surrounded 
l)y  a  globuhir  mesh  of  muscular  fibers  (fig.  146). 

'  Acetabulum.— The  acetabulum  is  in  the  caudal  portion  of  the  body, 
with  its  aperture  ventro-subterminal.  In  one  specimen  it  measured 
(in  sections)  about  1.7  mm.  in  diameter;  the  aperture  of  the  acotab- 
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Fig.  141. 


ulum  in  the  2  worms  measured  1  mm.  and  1.25  mm.,  respectively,  in 
diameter.  This  aperture  is  surrounded  bv  a  narrow  ring  which  is 
marked  off  from  the  general  surface  by  a  deep  and  more  or  less  nar- 
row circular  groove.     This  ring  is  seen  in  sections  to  be  part  of  the 

acetabulum  (fig.  151). 
The  cavity  of  the  ace- 
tabulum is  relatively 
shallow. 

internal  anatomy. 

Digestive  tract. — 
The  oral  aperture, 
which  pierces  the  ce- 
phalic extremity  of 
the  worm  and  is  un- 
provided  w  i  t  h  a 
sphincter,  leads  di- 
rectly into  a  muscular 
sucker.  The  latter 
shows  a  well-marked  constriction  or  isthmus  at  about  its  equator, 
which  divides  it  transversely  into  two  portions  almost  equal  in  length — 
the  anterior,  which  may  be  designated  as  the  oral,  and  the  posterior, 
as  the  esophageal  (or  bulbous)  portion.  The  oral  portion  of  the  sucker 
is  somewhat  globular  inform,  measuring  (in  sections)  about  0.G4  mm. 
in  longitudinal  axis,  0.64  mm.  in  transverse,  and  0.58  mm.  in  ventro- 
dorsal diameter.  The  esophageal  or  bulbous  portion  differ.^  in  form 
c{  u  i  t  e  m  a  r  k  e  d  1  y 

from   the  oral  por-  '     \Z^-r:r^^><L<.<i.%Z!^ 

tion  (figs.  139,  140, 
141,  142,  143).  It 
measures  (in  sec- 
tions) about  0.50 
mm.  in  longitudinal 
axis  and  0.48  mm.  in 
greatest  ventro-dor- 
sal  diameter.  In 
transverse  diameter 
this  part  of  the 
sucker  is  narrowest 
at  the  constriction 
marking  its  anterior  limit,  where  it  measures  0.40  mm.,  but  it  increases 
rapidly  to  a  maximum  width  of  1.10  mm.  at  its  base,  namely,  at  the 
level  at  which  the  esophagus  takes  its  departure.  In  sections  it  is  seen 
that  this  increase  in  wi(hh  is  (hie  to  the  formation  of  lateral  bulbs  which 
extend  caudad  on  either  side  of  and  in  line  with  the  esophagus  for  a  dis- 
tance (measured  in  the  long  axis  of  the  bulb)  of  about  0.40  mm.  beyond 
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the  level  or  plane  of  origin  of  the  esophagus  (figs.  139,  140).  Attached 
to  the  dorso-caudal  aspect  of  these  bulbs  there  is  on  each  side  a 
globular  pouch. 


Fig.  H3. 


In  consequence  of  this  relation  between  the  pouches  and  the  cor- 
responding bulbs,  the  former  are  found  close  to,  on  either  side,  and 
slightly  dorsad  of  the  esophagus.  The  suctorial  bulbs,  which  are  an 
integral  part  of  the  sucker,  are,  like  the  latter,  muscular  in  structure. 
The  portion  of  these  bulbs  which  on  surface  inspection  is  seen  to 
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Fig.  144. 


extend  beyond  the  base  of  the  sucker,  that  is,  caudad  of  the  level  of 
origin  of  the  esophagus,  measures  about  0.40  mm.  in  its  longitudinal 
axis,  about  0.56  ram.  in  its  greatest  dorso-ventral  diameter,  and  about 
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0.40  mm.  in  its  greatest  transverse  diameter.  The  suctorial 
"pouches"  (wl  ich  are  here  distinguished  from  the  ''bulbs")  are  in  a 
general  way  globular  in  form.  Their  long  axes  have  about  the  same 
direction  as  the  long  axis  of  the  worm  itself  and  exceed  their  trans- 
verse diameter  by  about  0.20  mm.,  the  latter  measuring  about  O.SO 
mm.  In  structure  the  pouches  are  entirely  different  from  the  bulbs. 
The  walls  of  each  pouch,  which  measure  about  0.30  mm.,  are  made 
up  of  parenchyma-like  cells  and  some  muscular  fd)ers.  These 
parenchyma-like  cells,  though  large,  are  much  smaller  than  those  of 
the  body  parenchyma,  from  which  they  are  sharply  separated  by  a 
thin  membranous  layer  which  at  the  same  time  forms  the  outer 
covering  of  the  wall  of  the  pouch.  Beneath  the  lining  cuticle  is  a 
layer  of  structures  which  are  very  irregular  in  size  and  which  at  first 
sight   are  not  very  easy  to   interpret;  they  have  something  of  iho 

appearance    of    poorly 
■^  preserved   nuclei;    some 

seem  to  be  solid,  others 
appear  to  be  hollow,  with 
a  peripheral  row  of  dots; 
in  some  fields  they  re- 
mind the  observer  very 
strongly  of  cross-sections 
of  l(Uigitudinal  muscles, 
and  it  seems  probable 
(hat  they  nro  such,  for 
llic  t(>rminal  sections  of 
the  ])ouch  show  distinct 
libers  apparently  corre- 
Imiiicdiatclv  cxlernal  to  this  lavcr  is 
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Fig.  145. 


spondmg  to  tlicsc  struct urc> 

found  a  thin  lay(>r  of  circular  nuisclcs. 

The  portion  of  the  sucker  caudad  of  the  isthnuis,  together  with  the 
two  pouches,  lies  in  a  cavity  which  reminds  the  observer  strongly  of  a 
rudimentary  body  cavity.  From  the  dorsal  and  the  ventral  surfaces 
of  the  sucker  a  line  of  tissue,  reminding  the  observer  of  a  mesen- 
terium,  extends  dorsad  and  ventrad  to  the  body  parenchyma,  thus 
holding  these  structures  in  j)laci';  similar  mes(>nterium-like  bands 
connect  the  pouches  with  the  somatic  parenchyma  (figs.  142-145); 
at  their  insertion,  these  bands  .spread  around  the  sucker  and  pouclies 
like  a  peritoneum;  llu>  esophagus  runs  in  the  ventral  mesentery 
band,  which  also  contains  the  esophageal  ganglion. 

Whether  the  cavities  in  question  actually  represent  a  nuhmentary 
body  cavity  is  a  rjuestion  which  may  be  left  open,  but  such  an  inter- 
pretation is  rather  temi)ting.  Similar  cavities  are  found  or  at  least 
strongly  indicated  in  Jloniolixjasfcr phiUpjnnensis  (see  Stiles  and  (lold- 
berger,  l!)()8a,  figs.  34-3(5)  Watsonius  watsoni,  and  in  other  Paramphis- 
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tomidge.  The  lumen  of  the  sucker  differs  in  form  in  the  different  por- 
tions of  the  suctorial  tract;  that  of  the  oral  portion  is  somewhat  spm- 
dle-shaped,  while  that  of  the  esophageal  portion  is  a  transverse  sht, 
slightly  crescentic  in  both  transverse  and  sagittal  sections  v'"+h  the 
convexity  directed  dorsad.  In  about  the  equatorial  plane  of  this 
portion  of  the  sucker  a  shallow,  transverse,  slit-like  diverticulum  of 
the  suctorial  lumen  is  formed  in  the  dorsal  muscular  wall,  so  that 
the  lumen  of  the  sucker  in  sagittal  plane  at  this  pomt  presents  a 
triradiate  form  (fig.  140);  in  transverse  section  at  this  pomt  the 
impression  obtained  is  that  of  a  transverse  tongue-like  ridge  or  par- 
tition projecting  upward  into  the  lumen  of  the  sucker  (fig.  142). 
Caudad  of  this  level  the  horns  of  the  crescentic  lumen  seen  in  trans- 
verse section  rapidly  shift  and  assume  a  more  or  less  direct  dorso- 
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ventral  direction  and  form  the  dorso-ventral  sht-like  lumen  of  the 
bulbs  so  that  in  a  section,  say,  at  the  level  of  origin  of  the  esophagus, 
the  lumen  of  the  sucker  and  bulbs  combined  has  a  broad  H -shape 
(fig.  143).  The  caudo-dorsal  extremity  of  the  slit-like  lumen  of  the 
bulbs  leads  into  the  irregular  lumen  of  the  pouches  (fig.  144).  The 
sucker,  bulbs,  and  pouches  are  lined  throughout  with  a  cuticle  in 
anatomical  continuation  with  that  of  the  body  surface.  That  of  the 
second  portion  of  the  sucker  and  of  its  bulbs  is  provided  with  minute 
irregularly  scattered  conical  papilhv.  The  esophagus  (figs.  139,  140, 
143,  145)  springs  from  the  base  of  the  sucker  in  the  space  between 
the  downward  projections  of  the  bulbs. 

From  this  point  it  passes  caudad,  describing  a  slight  curve  ventrad, 
to  a  point  but  very  little  less  than  one-third  of  the  body  length  from 
the  oral  extremity,  slightly  nearer  the  venter  than  the  dorsum  and 
about  equidistant  from  the  lateral  margins,  where  it  terminates, 
giving  origin  to  the  intestinal  ceca.     This  terminal  portion  is  some- 
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what  expanded,  and  its  musculature  distinctly  though  not  ver^  *i 
greatly  increased  in  thickness.  The  musculature  of  the  esophagus  8 
consists  of  2  layers,  an  internal  of  circular  and  an  external  of  longi-  i; 
tudin'^'  fibers.  The  increase  in  thickness  of  the  muscle  wall  of  thtj  J 
caudal  portion  of  the  esophagus  takes  place  gradually,  and  is  du«  I 
mainly  to  an  increase  in  thickness  of  the  internal  circular  layer.  { 
The  intestinal  tubes  leave  the  latero-dorso-caudal  aspect  of  the  \ 
slightly-expanded  caudal  extremity  of  the  esophagus  and  curve  j 
downward  (caudad)  and  outward  (laterad)  and  slightly  dorsad,  ii 
forming  a  transverse  arch  in  the  first  part  of  their  course.  They  j 
terminate  by  blind  extremities  in  the  caudal  portion  of  the  body,  the  ! 
left  at  a  very  slightly  higher  level  than  the  right,  and  both  slightly  j 
caudad  of  a  transverse  plane  through  the  equator  of  the  acetabulum  1 
and  about  midway  between  the  latero-dorsal  aspect  of  the  latter  and  ^ 
the  corresponding  aspect  of  the  body  surface  of  the  worm  (figs.  139,  j 

140,    151).     In  their  i 
^"^  course  caudad  the  in-  i 

testinal  ceca  describe  i 
an  undulating  path.  | 
Tiic  undulations  are  ' 
of  moderate  ampli-  i 
tude,  directetl  from  j 
f-  front  (venter)  to  back  1 
(dorsum)  and  main-  i 
tain  about  an  equal  i 
distance  from  the  lat-  i 
ero-dorsal,  curved  i 
surface  of  the  worni.  i 
The  ceca  approach  nearest  the  dorso-median  longitudinal  line  in  the  , 
testicular  zone,  and  reach  a  position  dorsad  of  the  caudal  portions  i 
of  the  corresponding  testis.  The  diameter  of  tlu>  intestines  varies  \ 
somewhat  in  different  portions,  and  although  I  hey  are,  in  a  general  i 
way,  cylindrical  tubes,  yet  they  are  compressed  here  and  there  in  ; 
one  diameter  or  another,  so  that  in  transverse  sections  they  present  i 
quite  a  variable  outline.  The  lumen  of  the  esophagus  is  lined  with  I 
a  cuticular  layer  in  anatomical  contiiniat  ion  with  that  of  the  sucker,  1 
but  apparently  somewhat  thicker  than  that  of  the  latter.  This  ■: 
Hning  ceases  abruptly  at  the  beginning  of  the  intestinal  ceca,  which  I 
are  lined  throughout  with  an  epitheial  cell  layer. 

CrKxrrAL  SYSTEM. — The  nude  and  the  female  genital  organs,  with  i 
the  excerption  of  th<>  vitellogene  glands,  are  disposed  in  the  median  \ 
field  bounded  laterally  by  the  intestinal  ceca.  \ 

Male  o/Y/<//(.s'.  — This  worm  is  provideil  with  2  fairly  large  lobulated  ; 
(cauliflower-like)  testes  (fig.  14S).  They  are  placed  one  on  each  side  ' 
of  and  close  to  the  median  sagittal  plane  in  the  same  zone,  slightly  { 
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Qearer  the  caudal  than  the  oral  extremity  and  decidedly  nearer  the 
venter  than  the  dorsum.  There  is  but  slight  if  any  difference  in  the 
size  of  the  two  organs.     Such  difference  as  may  exist  is  in  favor  of 

the  left. 

From  the  dorsal  aspect  of  each  testis  there  emerges  a  vas  efferens 
(fig.  148),  which  is  directed  at  first  slightly  cephalo-mediad,  then 
more  directly  mediad  to  unite  with  its  fellow  at  a  point  in  about  the 
median  sagittal  plane,  slightly  nearer  the  caudal  than  the  oral 
extremity,  and  considerably  nearer  the  dorsum  than  the  venter,  to 
form  the  vas  deferens.  The  first  portion  of  the  vas  is  an  intricately 
coiled  thin  walled  moderately-dilated  duct  or  vesicula  seminahs.  At 
a  point  which  may  be  clearly  distinguished  (fig.  147)  the  thm  walled 
vesicula  gives  place  to  a  relatively  thick  (15/i)  muscular  walled  canal 
(pars  musculosa)  of  considerable  caliber  (150/i),  which  is  much  less 
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1  Fig.  148. 

intricately  coiled,  so  that  its  longitudinal  windings  may  be  followed 
in  transverse  sections.  A  valve-like  constriction  of  the  lumen  marks 
the  change  from  vesicula  to  pars  musculosa.  The  windings  of  these 
two  portions  of  the  vas  deferens  form  a  fairly  compact  mass,  which 
lies  in  the  axial  region  of  the  body  between  and  cephalo-dorsad  of 
the  testes,  and  longitudinally  between  the  equatorial  plane  and  a 
transverse  plane  slightly  cephalad  of  the  genital  pore.  The  terminal 
portion  of  the  vas  deferens  is  relatively  quite  short,  and,  like  that  of 
the  pars  musculosa,  its  beginning  is  clearly  and  sharply  marked  by 
a  change  in  the  character  of  the  wall,  which  becomes  thin  and  sur- 
rounded by  glanc hilar  cells,  which  are  relatively  few  in  number,  and 
by  a  valve-like  constriction  of  the  lumen.  This  portion  of  the^  vas 
deferens,  which  by  analogy  may  be  called  the  pars  prostatica,  is  in 
the  form  of  a  small  vesicle  dorsal  of  the  genital  pore.  From  its  ven- 
tral aspect  there  passes  ventrad  a  short  muscular  duct  (ductus  ejacu- 
latorius),  which  unites  with  the  metraterm  to  form  a  ductus  her- 
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maphroditicus.  The  latter,  a  short  dehcate  canal,  opens  into  a 
small  chamber,  which  in  its  turn  opens  into  a  slit-like  genital  atrium 
(fig.  140). 

Female  organs. — In  the  axial  region  of  the  body,  a  little  to  the  left 
of  the  median  line,  between  two  transverse  planes,  one  of  which  is 


Fig.  149. 


just  caiidad  of  the  cauchil  plane  of  the  testes  and  the  other  just 
cephalad  of  the  upper  margin  of  the  acetabulum,  are  the  ovary  and 
shell  gland,  the  former  just  above  (cephalad)  and  slightly  to  the  left 
of  the   latter.     From   the   dorso-caudal   aspect    of  the   ovary   there 
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springs  the  oviduct,  which  turns  caudad  as  it  passes  to  the  dorsal 
aspect  of  the  shell  gland  at  the  superior  margin  of  which  it  divides 
into  two  branches,  one  of  which  curves  slight  ly  to  tlie  riglit  to  penetrate 
th(^  dorsal  aspect  of  the  shell  gland,  in  the  substance  of  which  it  is 
joined  by  the  viteilo-duct  to  form  the  ootype.     The  shell  gland  is  con- 
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siderably  smaller  than  the  ovary,  immediately  caudad  of  which  It 
lies      It  is  penetrated  by  the  vitello-duct  and,  as  just  described,  by 
the  oviduct  on  its  caudo-dorsal  aspect.     These  two  ducts  unite  to  form 
a  fusiform  ootype  (fig.  149),  which  is  directed  dorso-ventrally  and  is 
continued  as  the  uterus,  the  latter  emerging  from  the  ventral  aspect 
of  the  gland.     The  uterus,  after  emergmg  from  the  shell  gland,  curves 
to  the  right,  then  dorsad,  and  describes  some  coils  m  the  axial  region 
of  the  body  to  the  right  and  dorsad  of  the  shell  gland  and  ovary,  as 
it  winds  its  way  cephalad.     At  about  the  level  of  the  superior  aspect 
of  the  ovary  it  passes  obliquely  cephalo-ventrad  to  reach  the  ventral 
aspect  of  the  coiled  vas  deferens.     From  this  point  onward  its  course 
is  but  slightly  wavy,  maintainmg  throughout  its  relation  to  the  vas 
deferens  as  it  passes  at  first  directly  cephalad,  then  gradually  tilts 
ventrad,  uniting  with  the  ductus  ejaculatorius  at  about  the  level  and 
a  short  distance  dor- 
sad  of   the  genital 
pore.      The   second 
of    the    two    ducts 
into  which  the  ovi- 
duct  has  been  de- 
scribed as   branch- 
ing at  the  level  of 
the  superior  margin 
of  the  shell  gland  is 
Laurer's  canal  (fig. 
140).     This   canal 
passes  caudo-dorsad 
to  open  in  the  mid- 
dle line  of  the  dor- 
sal surface,  a  little  caudad  of  the  level  of  the  upper  margm  of  the 
acetabulum.     The  vitellogene   glands,  consisting  of  well-developed 
follicles,  occupy  the  lateral  regions  of  the  body,  external  to  the  intes- 
tinal ceca,   and  extend   from  about  the  level  of  the  plane  of  the 
base  of  the  esophageal  pouches  to  or  slightly  caudad  of  the  plane  of 
the  cecal  extremities  of  the  intestines.     At  about  the  level  of  the 
shell  gland  a  duct  leaves  each  of  the  vitellogene  glands  and  passes 
transversely  inward  ventrally  of  the  ceca,  the  two  uniting  at  the  level  of 
and  close  to  the  ventro-caudal  margin  of  the  shell  gland  (fig.  150). 
From  their  point  of  junction  a  duct  passes  dorsad,  skkting  the  caudo- 
mesial  margin  of  the  shell  gland  and  penetrating  the  latter  at  its 
caudo-dorsal  aspect. 

Excretory  system.— This  is  highly  developed.  Two  large  and 
several  small  excretory  canals  enter  the  cephalic  aspect  of  the  excre- 
tory vesicle,  which  lies  in  the  caudal  portion  of  the  axial  region  of 
the  body  dorsad  of  the  acetabulum  (figs.  140,  151).     The  vesicle  is 
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an  elongate  sack,  the  lumen  of  which  as  it  extends  caudad  gradually 
becomes  reduced  in  caliber,  finally  becoming  a  narrow  canal,  the 
terminal  portion  of  which  is  lined  with  a  cuticle  in  anatomical  con- 
tinuation with  that  of  the  surface.  This  terminal  portion  or  excre- 
tory duct  opens  in  the  middle  line  of  the  dorsal  surface  only  a  little 
above  the  caudal  margin  of  the  worm  and  at  a  considerable  distance 
caudad  of  the  opening  of  Laurer's  canal. 

ILLUSTRATIONS. 

Fig.  137. — Ventral  view  of  Ps.  stanleyii.     Enlarged.     Original. 

Fig.  138. — Profile  view  of  same.     Enlarged.     Original.  | 

Fig.  139. — Frontal  projection.  Shows  oral  sucker  (o.  s.),  suctorial! 
bulbs  (s.  h.),  suctorial  pouches  (s.  p.),  esophagus  (es.),  intestines  (i.),, 
testes  (t.),  vasa  efferentia  {v.  e.),  ovary  (ov.),  shell  gland  (s.  g.),  uterus  | 
(ut),  position  of  genital  pore  (g.  p.),  and  acetabulum  (ac).  a-a,  h-h,  \ 
c-c,  d-d,  e-e,  f-f,  g-g,  h-h,  j-j,  Tc-lc,  planes  of  section.  Slightly ' 
diagrammatic.     Enlarged.     Original.  I 

Fig.  140. — Profile  projection.  Shows  oral  sucker  (o.  s.),  suctorial  i 
bulb  {s.  h.),  suctorial  pouches  (s.  p.),  esophagus  {es.),  intestines  (i.),  ; 
right  testis  {t),  right  vas  efferens  {v.  e.),  vas  deferens  {v.  d.),  ovary  i 
(ov.),  shell  gland  (s.  g.),  uterus  (ut),  oviduct  (ov.  d.),  Laurer's  canal  ^ 
{L.  c),  excretory  vesicle  (ex.  v.),  excretory  pore  {ex.  p.),  and  genital  i 
atrium  (g.  a.),  a-a,  h-h,  c-c,  d-d,  e-e,  f-f,  g-g,  h-h,  j-j,  /•-/,•.  planes  i 
of  section.     Slightly  diagrammatic.     Enlarged.     Original. 

Fig.  141. — Transverse  section  at  a-a  ligs.  139  and  14(1.  Shows  i 
form  of  body,  surface  papilla?  (.9.  jhij).)  and  oral  sucker  (o.  s.).  En-  I 
larged.     Original. 

Fig.  142. — Transverse  section  at  h-h  ligs.  139  and  1  U).  Shows  i 
form  of  body,  form  of  esophag(>al  portion  of  sucker  (o.  s.),  perisuctorial  ( 
space  {p.  s.  sp.),  and  dorsal  and  vtMitral  mosenteriuni-liko  bands  j 
(m.  h.).     Enlarged.     Original.  ! 

Fig.  143. — Transverse  section  at  b(\ginning  of  esophagus  ihrough  i 
plane  at  c-c  figs.  139  and  140.  Shows  form  of  Ixxly,  form  of  oral  i 
sucker  (o.  s.),  H-shaped  form  of  suctorial  lumcMi,  prrisuctorial  space  i 
{p.  s.  sp.),  and  dorsal  and  ventral  bands  (///.  h.).     Knlarged.    Original,  i 

Fig.  144.-  Transverse  section  through  plane  d-d  ligs.  139  and  140.  1 
Shows  form  of  body,  es()])hagus  {es.),  extension  of  lumen  of  suctorial  i 
bull)  {s.  h.)  into  suctorial  i)ouch  {s.  p.),  iind  caudal  (wtcnsion  of  ; 
])erisuctorial  space  (y^  n.  xp.),  which  is  lillc<l  with  a  granular  coaguluni.  | 
Enlarged.     Original.  I 

Fig.  145. — Transverse  sectit)n  through  ])lane  e-e  figs.  139  ami  IKl.  I 
Shows  position  and  relations  of  suctorial  i)ou('hes  (.s'.  j>.)  to  csoj)!!-  i 
agus  (es.),  the  esophageal  ganglion  {e.  g.),  and  the  caudal  extensions  I 
of  the  perisuctorial  s])a<'e  (j).  s.  sj).),  w  liicli  contains  some  graiuilar  I 
coagulum.     Enlarged.     Original. 
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Fig.  146.— Transverse  section  through  plane  at  /-/  figs.  139  and 
140  Shows  genital  pore  {g.  p.),  pars  musculosa  {p.  m.),  the  intes- 
tinal ceca  (i),  and  the  vitellaria  (v.  g.).     Enlarged.     Original. 

Fig  147.— Transverse  section  through  plane  g-g  figs.  139  and  140. 
Shows  position  and  relations  of  intestines  (i.),  pars  musculosa  {p.  m.), 
the  valve-like  junction  of  the  vesicula  seminalis  {v.  s.)  with  the  pars 
musculosa,    the    uterus     (ut),    and     vitellaria     {v.    g.).     Enlarged. 

Original.  i  i/in 

Fig  148  —Transverse  section  through  plane  h-li  figs.  139  and  140. 
Shows  position  and  relations  of  the  testes  (t),  the  point  of  origin  of 
the  ri^rht  (v.  e.  d.)  and  the  left  (v.  e.  s.)  vas  efferens,  uterus  {ut), 
intestinal  ceca  (i.),  vitellaria  {v.  g.),  and  excretory  canals  {ex.  c). 
Enlarged.     Original. 

Fig  149  —Transverse  section  through  plane  ^-4  figs.  139  and  140. 
Shows  position  and  relations  of  shell  gland  {s.  g.),  Laurer's  canal 
{L.  c),  uterus  (ut.),  intestines  (i.),  vitellaria  (v.  g.),  and  excretory 
canals  (ex.  c).     Enlarged.     Original. 

Fig.  150.— Transverse  section  through  plane  k-k  figs.  139  and 
140.  Shows  position  and  relations  of  transverse  vitello-ducts  {t  vd.), 
the  common  vitello-duct  (c.  vd.),  base  of  shell  gland  {s.  g.),  Laurer's 
canal  (L.  c),  the  uterus  {ut),  vitellaria  {v.  g.),  intestinal  ceca  (^.), 
and  excretory  canals  {ex.  c).     Enlarged.     Original. 

Fig.  151.— Transverse  section  at  plane  l-l  figs.  139  and  140. 
Shows  position  and  relations  of  Laurer's  canal  {L.  c),  excretory 
vesicle  {ex.  v.),  vitellaria  {v.  g.),  intestines  {i.),  and  acetabulum 
{ac),  with  its  projecting  rim.     Enlarged.     Original. 

PSEUDODISCUS  COLLINSII  (Cobbold,  1875)  Stiles  &  GoUlberger,  1910. 

[Figs.  152  to  102.] 

1875-  AmpMst.  collinsii  Cobbold,  18751,  741  (in  J'Jquus  caballus;  Simla,  India); 

1875n    818    819;  1879b,   357,   359;  1883x,   515.— Fischaxler.,   1903h,   489  to 

Pseudodmus  by  Sonsino.-Huber,  1896a,  580  (India) .-Sonsino,    1895,   182, 

fig.  2;  J895,  4-5,  fig.  2.— Theobold,  1900,  51. 

1895:  Amphist.' (Pseudodiscus)  collinsi  (Cobbold,  1875)  Sonsino,  1895,  182,  187; 

fig.  2;  1895,  9,  fig.  2. 
1895:  Amphist.  collinsi  ^\'ard,  1895, 338  (in  Equus  caballus) .-Yischceder ,  1902a,  48 
(E.  c;  India);  1903h,  631,  632. 
Specific  DIAGNOSIS. -PsmJodisms  (p.  170):  Body  5  to  5.76  mm.  long  by  3.5  to  4  mm. 
broad-  brick  red  (frash)  or  flesh  tint  (alcohol  specimens);  oval,  cephalic  extremity 
somewhat  blunted,   caudal  extremity  very  broadly  rounded,   nearly  semicircular, 
lateral    margins  convex,   greatest  diameter  slightly  caudad   o£    equator,   about   m 
testicular  zone;  cephalic  extremity  bears  minute,  slender,  conical  papillae.     Geni- 
tal pore  ventro-median  about  nine   twenty-thirds   of  length  from   anterior  end,  m 
cephalic  portion  of    equatorial  third,  postbifurcal,    halfway  between  oral   margin 
and  cephalic  margin  of  acetabulum.     Acetal)ulum   ventro-sub terminal,   1.58  nmi. 
broad,  1.1  nmi.  long,  aperture  0.5  to  0.7  mm.  in  diameter,  surrounded  by  very  promi- 
nently raised  margin;  cavity  relatively  deep.     Mouth  terminal;  oral  sucker  con- 
stricted at  equator  into  a  globular  oral  and  a  bibulbous  esophageal  portion;  each 
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lateral  bulb  connects  with  a  large  globular  pouch;  these  jwuches  and  a  portion  of  th^ 
sucker  Ho  in  cavities  strongly  suggestive  of  a  rudimentary  body  ca\-ity,  but  they  arS 
connected  with  the  body  wall  by  dorso-ventral  mesenterium-Iike  bands;  esophagus' 
arises  from  base  between  bulbs  and  extends  about  to  border  between  cephalic  a'nd 
equatorial  thirds  of  body;  ceca  long,  extend  about  to  equator  of  acetabulum,  each 
foi-ming  in  its  coiu-se  two  strongly  convex  lines  latero-dorsad,  which  come  together 
near  caudal  margin  of  testis.  Excretory  pore  medio-temiinal,  caudal  cf  acetabuhim; 
excretory  vesicle  well  developed,  dorsal  of  acetabulum. 

ilaleorgmis:  Te.stes  rather  small,  .somewhat  globular  and  cauliflower  like,  ventral, 
equatorial,  slightly  nearer  median  line  than  corresponding  lateral  mai-gi'ns;  zones 
nearly  coincide,  fields  separate;  va«a  efferentia  spring  from  dorso-median  aspect, 
run  dorso-mediad,  unite  about  in  equator  in  median  line  to  form  vas  deferens;  vesicula 
seminalis  and  pars  musculosa  compactly  coiled  in  median  field,  extending  very 
slightly  cephalad  of  genital  pore;  pars  prostatica  short;  ductus  ejaculatorius  Aery  j 
short,  opens  above  metraterm  into  an  atrium;  the  latter  appears  to  communicat(>  with 
a  slit-like  atrium  from  which  a  slender  ductus  hermaphroditicus  extends  ventrad  to 
open  on  vertex  of  the  small  genital  papilla;  cirrus  pouch  absent. 

Femule  organs:  Ovary  and   shell  gland  submedian,  posttesticular,  preacetabular, 
nearer  acetabulum  than  testes,  ovary  cephalad  of  shell  gland;  vitellaria,  with  sparsely 
scattered  follicles,  lateral  of  ceca,  extending  from  equatorial  plane  of  esophagus  to 
plane  of  caudal  end  of  ceca;  vitello-ducts  pass  ventrally  of  ceca;  uterus  forms  coils! 
dorso-medio-lateral  of  ovary,  and  from  a  point  about  on  the  cephalic  plane  of  the  i 
ovary  it  passes  ventro-cephalad  in  a  somewhat  wavy  course,  crossing  ventrally  of  the 
vasa  efferentia,  and  eventually  the  metraterm  opens  into  a  slit-like  atrium  into  which 
the  ductus  ejaculatorius  also  discharges;  Laurer's  canal  from  its  oridn  (dorsally  of 
shell  gland)  runs  dorsally  of  excretory  vesicle  caudo-dor.-<ad  to  dorso-median  Hue,  ! 
over  equator  of  acetabulum,  its  i)ore  being  some  distance  cephalad  of  excretory  jx.re! 
-E'grj^s;  Not  observed. 

Type.— U.S. N.M.  (Coll.Hassall)  5778  (C  in  sections);  cotypesU.S.X.M.  (Coll.  Stiles) 
526C,  and  U.S. B.A.I.  1720;  all  from  Cobbold's  original  material. 
Host.— The  horse  {Equus  cahallus;  India). 

Source  of  material.— The  material,  coiisistm«;  of  sLx  specimens 
in  all,  was  obtained  hr.m  l)()ttles  as  follows:  U.S.N.M.  (Coll.  Stiles) 
Xo.5266.  containin^r  i  .specimen;  I\S.X.M.  (Coll.  Ilassall)  Xo.  577S. 
containing,'  4  specimens;  I'.S.B.A.I.  Xo.  1720,  containin«,'  1  specimen. 

These  specimens  represent  part  of  Cobbold's  oripnal  material, 
presented  by  him  to  Ilassall  in  1SS2.  The  worms  were  collect (m1  fn.ni 
lujuus  cahallus  in  India. 

Historical  review.— Cobbold  (lS7r)l.  741)  (piotes  from  a  letter 
from  (V)llins.  dated  Simla,  as  follows: 

I  forward  you  by  this  mail  parasites  found  in  the  colon  of  a  horse  that  died  a  subj(>cf 
of  fever  peculiar  to  this  country.  There  were  about  a  thousand  of  the  parasiu-s.  an.l 
nearly  the  whole  of  them  were  situated  close  to  the  co'cum,  and  Nvere  loose  in  the  s^nit. 
Not  having  seen  parasites  at  all  similar  to  these,  I  have  taken  the  lii.ertv  to  forward 
them  for  identification. 

Cobbold  states  that  the  worms  are  ccmsiderably  smaller  than  are 
Amphist.  hawkesii  fnuu  the  elephant,  and  he  names  the  worm  ,1. 
rnirnisii  In  a  later  paper  (lS75n,  SIS,  Sin)  he  refers  to  them  a.-,'ain 
very  brielly  and  <i:ives  the  colon  as  the  habitat. 
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Ward    (1895,    338)    merely    mentions   the   worm,   with   AmfUst 
stanleyi  as  synonym,  in  a  list  of  the  parasites  of  the  horse. 

Sonsino  (1895,  4-5,  fig.  2)  gives  the  size  as  7  mm.  long  by  5  mm 
broad,  figures  the  worm,  and,  referring  to  its  simdarity  to  AmpUst. 
TiawJcesii,  places  it  in  his  new  genus  Psemlochscus. 

Huber  (1896a,  580)  simply  states  that  this  species    which  occurs  m 
horses,  is  also  said  to  give  rise  to  fatal  disease 

in  India."  . 

Fischoeder  (1901a,  48)  merely  cites  this  form 
as  a  species  inquirenda,  gives  the  measure- 
ments as  7  mm.  long  by  3  mm.  broad,  and 
states  that  it  occurs  in  the  colon  of  Equus 
caballus  in  India. 


/ 
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EXTERNAL    CHARACTERS. 


Fig.  Id2 


Size.— The   6  specimens  preserved    in  alco- 
hol-glycerine varied   from    5    to    5.76    mm.  in 
extreme    length  and  from  3.5  to  4  mm.  m  greatest  width. 
Color.— The  worms  are  of  a  flesh  tmt. 

Form -The  specimens  are  not  in  very  good  state  of  preservation 
and  are"  contracted  in  various  ways,  so  that  all  specimens  are  not 
uniform;  on  this  account  it  is  somewhat  difficult  to  give  an  accura  e 
description  of  the  outline.  In  general,  however,  it  may  be  said  to 
be  oval,  with  a  somewhat  blunted  oral  and  a  broadly  rounded  caudal 

extremity;  it  bears  quite  a  resemblance  to 
Ps.  stanleyii,  but  the  sides  appear  more  uni- 
formlv  convex,  the  cephalic  end  seems  to 
have  less  tendency  to  be  pointed,  and  the 
caudal  extremity  seems  to  be  relatively  more 
blunt  (figs.  152,  153).  . 

Surface.— At  the  oral  pole  the  surface  is 
beset  bv  minute,  slender,  conical  papilla?. 
:  They  resemble  those  on  Ps.  stanleyii  but  are 
more  minute.  Around  the  oral  aperture  and 
concentric  with  it  are  a  number  of  circular 
shallow  grooves;  the  one  nearest  the  oral 
margin  appears  rather  prominent  and  marks 
Fig.  153.  (,ff  a  narrow  circular  zone  about  the  mouth. 

In  some  of  the  specimens  there  were  noted  fine  transverse  lines  on 
the   ventral    surface.     The    dorsal    surface   is   irregular  y   grooved, 
probably  the  result  in  part   of   irregular  contraction  of   the  bod 
and  in  part,  perhaps,  the  result  of  the  action  of  the  fixative  and 
preservative. 
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Xy.ju. 


Fig.  155. 


19:2 


Genital  pore.— On  the  ventral  surface  in  the  median  longitudinal 
line  and  about  midway  })etween  the  oral  niargui  and  the  anterior 
margin  of  the  acetabular  aperture  is  the  genital  pore.  In  one  speci- 
men this  was  at  the  vertex  of  a  small  circular  bulging  of  the  venter 
and,  with  the  genital  papilla^  (apparently)  fillmg  it,  suggested  the 
form  of  an  umbillicated  smallpox  vesicle. 

Acetabulum. — The  acetabulum,  measuring  1.58  mm.  in  transverse 
and  1.1  mm.  in  longitudinal  diameter,  is  in  the  caudal  portion  of  the 
body,  its  aperture  being  ventro-subterminal  and  measuring  0.5  to 
0.73  mm.  in  diameter.  Encircling  the  aperture  there  is  a  prominent 
ring  marked  ofl"  from  the  general  siu-face  hy  a  deep  circidar  groove 
(figs.  152,  153,  161,  162).  This  projecting  ring  is  seen  in  sections  to 
be  a  portion  of  the  acetabulum.  The  acetabulum  is  relatively  much 
larger  in  this  than  in  Ps.  stanleyii,  and  its  cavity  is  deeper. 


I 


♦ 


Fig.  IM.  I 

INTERNAL    AXA'IOMY.  I  | 

Digestive  tkact.-   The  (•('[)lialic  extremity  is  ])i(MC(Ml  1)y  a  iiiore  or  i 

less  circular  a])erture  which  tiiensuicd   0.41    nun.  and  0.36  mm.,  re-  i 

spectively,  in  2  s])e(iniens.     This  oral  ajxMlure  leads  dii-octly  into  a  i 

muscular  suckec.      As  in  the  case  of  /',s'.  .strnilit/n  the  sucker  may  1)0  j 

divided  for  ])ui'|)os(>s  of  descri])tion  into  2  ])ortions,  which  are  marked  1 

oil"  ])y  a  constriction  (or  isthnuis)  at  about  its  (Mjuator.     Tlie  first  or  } 

oral  portion  is  of  a  somewhat  glol)ular  form  and  measures  0.64  mm.  | 

in  transverse  and  0.52  jnm.  in  ck)rs()-ventral  diamefer;  its  lumen   is  I 

of   relatively  considerable  (lianiet(>r,  ])otIi   transv(>isely  and  ventro-  j 
dorsally    (fig.    156).     Corres]>onding    to    the    region    of    constriction  . 
referred  to  as  tlie  dividing  line  between  tlie  two  ])ortions  of  tlie  sucker 
the    lumen    Ix^comes    a    transverse   slit    and    leads    into    the   second, 

esophageal  (or  l)un)ons\  ])()iti()n  of  the  sucker.      This  ])()ition  l)roadens  | 
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out  and,  on  each  side  of  the  origin  of  the  esophagus,  it  extends 
caudad  for  a  short  distance  of  about  0.24  mm.  in  the  form  of  a 
muscular  bulb  (figs.  154,  155).  This  portion  of  the  sucker  measures 
about  0.52  mm.  in  greatest  dorso-ventral  diameter,  which  is  at  about 
the  equator  of  this  portion  of  the  sucker,  and  about  1  mm.  in  transverse 
diameter  measured  at  the  level  of  origin  of  the  esophagus.  Compared 
with  the  corresponding  portion  of  the  sucker  of  Ps.  stanleyii  this  is 
relatively  much  larger  in  Ps.  collinsii.  From  the  ventral  and  from 
the  dorsal  wall  of  this  portion  of  the  sucker  a  transverse  muscular 
ridge  projects  into  the  lumen  of  the  sucker  (figs.  155,  157)  m  a  manner 
which  strongly  suggests  the  relation  between  the  pharynx  and  oral 
sucker  in  Fasciola  lepatica.  The  lateral  projecting  edges  of  these  ridges 
serve  as  inner  (median)  boundaries  of  the  dorso-ventrally-running 
sht-like  lumen  of  the  suctorial  bulbs  (fig.  158).  In  transverse  section 
just  above  the  level  of  origin  of  the  esophagus  the  relation  of  the 


Fig.  157. 


lumen  of  the  sucker  to  that  of  its  bulbs  is  such  that  combined  they 
form  a  broad  letter  H  (fig.  158). 

From  the  dorso-caudal  aspect  of  the  lateral  suctorial  prolongations 
or  bulbs  there  springs  on  each  side  a  pouch.  These  pouches  are 
roughly  glo])ular  m  form,  of  relatively  considerable  dimensions. 
The  right  is  a  little  larger  than  the  left.  They  are  in  relation  to  the 
latero-dorsal  aspects  of  the  esophagus  (fig.  159)  and  extend  caudad 
to  about  the  level  at  which  the  latter  gives  origin  to  the  mtestinal 
ceca.  The  pouches  are  sharply  delimited  by  a  cavity  from  the  sur- 
rounding body  parenchyma.  Their  walls  consist  of  cells  which, 
though  large  and  resembhng  those  of  the  body  parenchyma,  are 
much  smaller  than  those  of  the  latter.  A  considerable  portion  of 
the  sucker,  together  with  the  bulbs,  lies  m  a  cavity  strongly  sug- 
gestive of  a  rudimentary  body  cavity  and  similar  to  the  condition 
described  for  Ps.  stanleyii;  mesenterium-like  bands  are  found  dor- 
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sally  and  ventrally  extending  from  the  body  waU  to  the  digestive 
apparatus  in  question.  The  u])per  hmit  of  this  cavity  is  as  in  Ps. 
stanleyii  at  the  level  of  the  suctorial  istlinius.  At  or  slightly  above 
the  level  of  origin  of  the  esophagus  this  cavity  becomes  definitely 
divided  mto  two  (fig.  158),  which  inclose  the  bulbs  and  extend  caudad 
to  a  point  slightly  below  (caudad  of)  the  corresponding  caudal 
margin  of  the  pouch.  The  cavity  contains  a  granular  mass  (fig.  158) 
resembling  if  not  identical  with  the  granular  material  encountered 
here  and  there  in  the  excretory  canals.  Tlio  lumen  of  the  second 
portion  of  the  sucker  is  transversely  elongate,  more  or  less  contracted 
ventro-dorsally,  and  extends  laterally  into  the  lateral  suctorial  pro- 
longations; in  these  the  lumen,  thougli  still  slit-like,  is  directed 
ventro-dorsally.  In  its  turn  (his  dorso-ventral  slit-like  lumen  is 
continued  from  its  dorsal  extremity  into  tlie  lateral  ])ouches.     The 


/  ^ 


f-   6.^ 


Y\G.   1")8. 

lumina  of  the  latter  are  in-egular  in  form  and  variable  in  the  degree 
of  distention,  both  in  diilerent  specimens  and  at  did'erent  levels  in  the 
same  specimen.  The  esophagus  leaving  the  sucker,  as  already 
described, pa.sses  caudad,  descril)ing  in  its  course  a  slight  curve,  with 
convexity  ventrad,  and  at  about  the  junction  of  the  fii-st  with  the 
middle  third  of  the  l)0(ly  length  it  terminates,  giving  origin  laterally 
to  the  intestinal  ceca.  The  intestines,  as  simple  tubes,  pass  at  first 
dorso-laterad  and  at  the  same  time  sliglitly  caudad  to  a  ])oint  about 
one-fourth  tlie  width  from  the  lateral  margins,  where  they  bend 
almost  directly  caudad,  describing  a  wavy  course  l)()th  transvei-sely 
and  ventro-dorsally, similar  to  that  in7^s•.  stanhyii ,  nud  terminate  by 
cecal  extremities  laterally  of  the  acetal>ulum  at  about  the  l(>vel  of 
the  lower  margin  of  the  a])(Mture  of  the  liitler.  Tn  their  coui-se 
caudad  they  markedly  a])])i()ach  the  median  line  at  one  ])oint, 
namely,  dorsad  of  llie  coiresjxjnding  testis. 
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The  lumen  of  the  digestive  tract  from  the  oral  margin  to  the  intes- 
tinal ceca  is  lined  by  a  cuticle-like  layer  in  anatomical  continuation 
with  that  of  the  body  surface.  It  is  thickest  in  the  esophagus.  In 
the  region  of  the  mouth  in  the  esophageal  portion  of  the  sucker  and 
in  that  part  Iming  the  lumen  of  the  lateral  suctorial  prolongations  or 
bulbs  it  is  beset  by  numerous  small  conical  papillse.  These  papillae 
were  not  observed  in  any  other  portion  of  the  sucker  or  in  the  suc- 
torial pouches.     The  intestinal  lumen  is  lined  by  an  epithelial  cell 

layer. 

Genital  system. — As  in  Ps.  stanleyii,  the  male  and  the  female 
genital  organs,  except  the  vitellogene  glands,  are  disposed  in  the 
median  field,  nam.ely,  between  the  intestinal  ceca. 

Male  organs.— This  worm  is  provided  with  two  roughly  globular, 
cauliflower-like  (fig.  160)  testes.     They  are  disposed  in  one  of  the 
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Fig.  159. 


transverse  diameters,  (very)  slightly  (if  at  all)  caudatl  of  the  ecpiator 
of  the  worm.  Each  testis  is  a  httle  nearer  the  median-sagittal  plane 
than  the  correspondmg  lateral  margm  and  much  nearer  the  venter 
than  the  dorsum  (figs.  154,  155,  160).  From  the  dorso-median 
aspect  of  each  testis  there  springs  a  duct,  vas  eiferens,  which  passes 
more  or  less  horizontally  dorso-mediad,  uniting  with  its  fellow  to 
form  the  vas  deferens.  The  vas  deferens  is  clearly  differentiated 
into  three  portions,  the  first  and  second,  vesicula  and  pars  musculosa, 
being  comi)actly  coiled  in  the  axial  region  of  the  body  of  the  worm. 

The  vesicula  is  thin  walled,  but  is  not  notal)ly  dilated;  the  muscu- 
losa, measuring  about  1 1 2  /<  in  diameter,  is  provided  with  a  relatively 
thick  (37  /O  muscular  wall;  its  terminal  portion  passes  ventro- 
cephalad,  and  its  wall  l)ecomes  somewhat  reduced  in  thickness  as  it 
passes  into  the  third  division  (pars  prostatica)  of  the  vas  deferens. 
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The  latter  is  distinguished,  as  in  other  forms  of  this  group,  by  being 
inclosed  in  a  mass  of  nucleated  cells;  the  prostatica  is  short  and 
maintains  the  direction  assumed  by  the  distal  portion  of  the  pars 
musculosa,  coming  into  close  relation  to  the  dorsal  aspect  of  the 
terminal  portion  of  the  uterus;  the  prostatic  cells  cease  a  little  before 
the  male  duct  ends;  this  terminal  portion  appears  to  be  ver\'  short 
and  corresponds  to  the  ductus  ejaculatorius  of  the  other  forms.  The 
ductus  ejaculatorius  appears  to  open  just  above  the  metraterm  on  the 
vertex  of  what  may  be  regarded  as  a  papilla  forming  the  doreal  wall 
of  a  curved  slit-like  atrium.  This  atrium  appears  to  communicate 
(?)  with  a  smaller  slit-like  space  immediately  vent  rad  of  it,  from  which 
there  passes  a  slender  duct,  interpreted  as  the  ductus  herma])hroditi- 
cus,  that  opens  on  the  vertex  of  a  small  genital  papilla.  The  ductus 
hermaphroditicus,  the  two  slit-like  atria,  the  ductus  ejactulatorius, 
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and  metraterm  are  inclosed  in  a  somewhat  glohulsn-  mass  of  nniscular  ! 

fibers.  ■ 

This  description  of  the  termination  of  the  male  and  female  canals  j 

and  of  the  ductus  hermaphroditicus  is  tentative,  as  it  is  based  only  on  i 
transverse  sections  of  ])oorly  ])reserve(l  material,  which  are  of  diflicult 
and  doubtful  interpretation. 

FeinaJf  organs. — In  the  j)ost testicular  axial  region  of  the  body,  but  i 

a  little  to  the  right  of  the  median  line  and  just  above  the  upper  mar-  < 

gin  of  the  acetabnlum,  is  the  ovary.     (Mose  to  the  caudo-mesial  aspect  I 

of  the  latter  is  the  slightly  smaller  shell  gland  (figs.  154,  155).     The  i 

oviduct  springs  from  the  caudal  aspect  of  the  ovary  and  passes  at  first  I 

directly  caudad  for  a  very  short  distanc(\  then  it  passes  doi-so-mediad  I 

and  skirts  the  doreo-caudal  aspect  of  the  shell  gland  which  it  pene-  \ 
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trates.  Laurer's  canal  leaves  the  oviduct  at  a  point  just  before  the 
latter  begins  to  skirt  the  shell  gland;  it  passes  caudo-dorsad,  cephalad 
of  the  excretory  vesicle,  the  dorsal  aspect  of  which  it  gains,  and  ulti- 
mately it  reaches  the  middle  line  of  the  dorsal  surface  at  a  point  in  a 
plane  slightly  cephalad  of  the  equator  of  the  acetabulum,  and  rela- 
tively some  distance  above  the  excretory  pore.  The  vitellogene 
glands  consist  of  sparsely  scattered  follicles  in  the  lateral  regions  of  the 
body  (external  to  the  intestinal  ceca),  appearing  also  ventrally  and 
dorsally  of  the  ceca.  They  extend  longitudinally  from  the  level  of 
the  middle  of  the  esophagus  to  the  level  at  which  the  intestinal  tubes 
terminate.  From  each  gland  a  duct  passes  transversely  mediad  in 
front  of  the  corresponding  intestine  to  unite  with  its  fellow  close  to  the 
ventro-caudal  aspect  of  the  shell  gland.     From  their  point  of  union 
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Fig.  161. 


(fig.  161)  a  smaller  duct  originates  and  passes  dorsad  and  a  little  to 
the  right,  skirting  the  corresponding  aspect  of  the  shell  gland  which  it 
penetrates  at  its  caudo-dorsal  aspect  a  little  to  the  left  of  the  point  of 
penetration  of  the  oviduct.  Within  the  gland  the  vitello-duct  unites 
with  the  oviduct,  the  duct  resulting  from  their  union  forming  the 
ootype  and  continuing  beyond  as  the  uterus. 

The  uterus  emerges  from  the  ventral  aspect  of  the  shell  gland,  winds 
its  way  to  the  left,  and  then  forms  a  number  of  coils  in  the  axial  body 
region  to  the  left  and  dorsad  of  the  ovary  as  it  winds  its  way  cephalad. 
Its  windings  cease  at  about  the  level  of  the  cephalic  aspect  of  the 
ovary;  beyond  this  point  the  uterus  pursues  a  direct,  though  slightly 
wavy,  course  ventro-cephalad  to  gain  the  ventral  aspect  of  th^  coiled 
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vas  deferens,  passing  beneath  and  ventrad  of  the  arch  of  union  of  the  I 
vasa  efFerentia.  In  the  remainder  of  its  course  the  uterus  retains  this  i 
relation  to  the  ventral  aspect  of  the  male  duct  and,  as  has  been  de-  < 
scribed,  appears  to  open  immediately  below  the  latter  into  the  slit-  ' 
like  atrium  (fig.  155.)  , 

Excretory  system. — The  excretory  system  appears  w  ell  devel-  ! 
oped.  The  excretory  vesicle  is  in  the  caudal  portion  of  the  body  I 
dorsally  of  the  acetabulum  (figs.  155,  162).  It  extends  caudad  to  i 
about  the  level  of  the  caudal  margin  of  the  acetabulum.  At  this  point  3 
its  lumen  becomes  reduced  to  a  duct,  with  a  narrow  lumen  but  strong  i 
wall,  which  passes  directly  caudad  and  opens  in  the  median  liiu>  of  the  i 
dorsum  almost  if  not  quite  at  the  caudal  extremity  of  the  worm. 


Relation  'jo  Psciidodtsciis  stanleyii 


Exc(>])t  for  tlu>  (li(i'(M(Mico  in  size,  the  two  species  arc  luiich  alike  in 
external  a|)p(»arance.     A  study  of  lh(>ir  internal  anatomy  brings  out 
several  points  of  dilferenc<\     The  esophageal  poi-tion  oi  the  sucker  in 
Ps.  collinsii  is  relatively  nuicii  broader  than  that  of  /*.<?.  stanleyii,  and 
presents  both  a  dorsal  and  a  vtMitrnl  ti-ansverse  j)rojecting  ridge  in  its  J 
lumen;  Ps.  sfdn/cyli  presents   a   doisal    ridge  only.     The   t(>stes  are  i 
actually  and  relatively  much  smaller  in  /\s.  coJlin.sii  than  in  Ps.  stan' i 
Icyii,  and  furth(Minor(»  they  are  more  widely  se|)arat(Ml  in  Ps.  ro/linsii 
than  in  Ps.  sf(in/(yii.     Tlu»  anatomy  of  th(^  ternniial  |)ortions  of  the  < 
genital  canals  appears  to  (lilTer  markedly   in  the  two  foinis.  though] 
too  much  (Mn|>hasis  should  not  be  plac(>d  on  this  beeaust'  of  the  diin-  ■ 
culty  of  interi)retation  of  s(>etions  and  of  the  limited  and  unsatisfac-  j 
tory  nature  of  the  material.     The  opening  of  Lamers  canal  is  much  i 
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■arther  caudad  in  Ps.  collinsii  than  in  Ps.  stanleyii;  in  the  former  it  is 
I  httle  above  the  caudal  margin  of  the  acetabuhim,  whereas  in  the 
latter  it  is  only  a  little  below  the  upper  margin  of  the  acetabulum, 
rhe  acetabulum  of  Ps.  collinsii  is  relatively  much  larger  than  of  Ps. 
stanleyii,  and  its  cavity  is  deeper.  The  ovary  and  the  shell  gland  are 
at  about  the  level  of  the  upper  margin  of  the  acetabulum  in  Ps.  col- 
linsii, but  distinctly  above  this  level  and  nearer  the  level  of  the  caudal 
aspects  of  the  testes  in  Ps.  stanleyii. 

w  ILLUSTRATIONS. 

*  Fig.  152-153. — Ventral  aspect  showing  some  of  the  variations  m 

outline.  . 

Fig.  154.— Frontal  projection  from  transverse  sections  oi  specimen 
shown  in  fig.  152.  Shows  oral  sucker  (o.  s.),  suctorial  bulbs  (s.  &.), 
suctorial  pouches  (s.  p.),  esophagus  (es.),  intestines  (i.),  genital  pore 
(g.  p.),  testes  {t.),  vasa  efferentia  {v.  e.),  uterus  (ut.),  ovary  (ov.),  shell 
crland  \s.  g.)  and  acetabulum  (ac).  a-a,  h-h,  c-c,  d-d,  e-e,  f-f,  g-g, 
planes  of  section.     Slightly  diagrammatic.     Enlarged.     Original. 

Fk-.  155.— Profile  projection  of  specimen  shown  in  fig.152.  Shows 
oral  sucker  (o.  s.),  left  suctorial  bulb  (s.  h.),  suctorial  pouch  (s.  p.), 
esophagus  (es.),  vas  deferens  (v.  d.),  uterus  (ut.),  ovary  (ov.),  shell 
gland  (s.  g.),  Laurer's  canal  (L.  c),  excretory  vesicle  (ex.  v.),  excretory 
pore(ex.  p.),  and  genital  pore  (g.  p.).  a-a,  h-h,  c-c,  d-d,  e-e,  f-f,  g-g, 
planes  of  section.     Slightly  diagrammatic.     Enlarged.     Original. 

Fig.  156.— Transverse  section  through  plane  a-a  figs.  154  and 
155.     Shows  form  of  body  and  form  of  oral  sucker  (o.  s.).     Enlarged. 

Original.  i  i  -- 

Fig.  157.— Transverse  section  through  plane  h-h  figs.  154  and  loo. 
Shows  oral  sucker  (o.  s.)  with  ventral  and  dorsal  ridges  projecting  into 
its  lumen,  and  perisuctorial  space  (p.  s.  sp.)  containing  some  granular 
coagulum.     Enlarged.     Original. 

Fig.  15S.— Transverse  section  through  plane  c-c  figs.  154  and  loo. 
Shows  H -shaped  lumen  of  oral  sucker  (o.  s.)  and  suctorial  bulbs  (s.  h.), 
the  superior  margin  of  the  left  suctorial  pouch  (s.  p.)  and  the  pen- 
suctorial  space  (p.  s.  sp.)  containing  some  granular  coagulum.  En- 
larged.    Original. 

Fig.  159.— Transverse  section  through  plane  d-d  figs.  154  and  loo. 
Shows  esophagus  (es.),  esophageal  ganglion  (e.  g.),  caudal  portion 
of  right  suctorial  bulb  (s.  6.),  suctorial  pouches  (s.  p.),  and  caudal  pro- 
longations of  perisuctorial  space  (p.  s.  sp.).     Enlarged.     Original. 

Fig.  160.— Transverse  section  at  plane  e-e  figs.  154  and  15o.    Shows 
position  and  relation  of  the  testes  (t.),  intestinal  ceca  (i.),  arch  of 
unicn  of  vasa  efferentia  (v.  e.),  origin  of  left  vas  cH'cM-ons  (v.  e.  s.),  the 
uterus  (ut.),  and  vitellaria  (v.  g.).     Enlarged.      Original. 
13893— Bull.  60—10 13 
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Fig.  161. — Transvei-se  section  at  planc/-/"figs.  154  and  155.  Shows 
position  and  relation  of  caudal  margin  of  shell  gland  (s.  g.),  union  of 
transverse  vitello-duct  (t.  vd.),  the  common  vitello-duct  (c.  vd.), 
Laurer's  canal  (L.  c),  uterus  (ut.),  vitellaria  (r.  g.),  intestines  (i.),  and 
acetabulum  (ac).     Enlarged.     Original. 

Fig.  162. — Transverse  section  at  plane  gr-gfiigs.  154  and  155.  Shows 
position  and  relation  of  intestines  (i.),  excretory  vesicle  (ex.  i\),  Lau- 
rer's canal  (L.  c),  vitellaria  (v.  g.),  and  acetabulum  (ac.)  with  its  pro- 
jecting rim.     Enlarged.     Original. 

HAWKESIUS,  new  subgenus. 

SuBGENERic  DIAGNOSIS. — Pseudodiscus  {\).  170):  Esophageal  wall  with  pronounced 
muscular  thickening  in  caudal  half.  Testicular  zones  separate,  nearly  or  quite  abut, 
fields  coincide. 

Type  species. — Pseudodiscus  {Jlmrkesius)  haivkesii. 

PSEUDODISCIS  HAWKESII  (Cobbold,  1875)  Stiles  i  (Joldhiru'or,  ISUO. 
[Figs.  163  to  174.] 

1875:  Amphist.  haivkesii  Cobbold,   1875n,  818,  819  (in  Elephas  iiidicus:  India);  | 

1877e,  234;  1879b,  393,  396,  399;  1882,  238-240,  fig.  8;  1883x,  515.— Braun,  I 

1893a,  874,  905;  1893d,  466  (hawkesi) .—Fitfchder . ,   1902a,  48  (haukesi)  (in  ( 

E.    indicus;  India);  1903h,    489    (to   Pseudodiscus   by    Sons.,    1895).— Galli-  | 

Valerio,  1901c,  364  (in  elephant).— Huber,  1896a,  579-580  (in  elephant).—  ' 

Looas,  1902m,  439  {havkesi).—}>l6gnm,  1882v,  455.— Plana  &  Stazzi,  1900a,  i 
511,  519-525,  529,  figs.  12-14  (hawkesi);  1901,  416. 

1893:  Amphist.  hatrkesi  Braun,  1893d,  466  for  havkesii. 

1895:  Amphist.  hawkesi  Sonsino,  1895,  182  for  haickesii:  1895,  187,  fig.  to  Pscudo-  j 

discus;  1896,  310.  \ 

1895:  Amphist.  (Pseudodvscus)   hatckesi  (Cobbold,    1875)  Sonsino,  1895,  187  (9),  j 

fig- 1-  ; 

1895:  Amphist.  {P.<ieudodiscus)  hawkesi  Sonsino,  1895,  9,  fig.  1.  i 

1896:  Pscudodisais  hawkesi  {Cohho\d,  1875)  Sonsino.  1896,  310. — Plana  &  Stazzi,  I 
1900,  519  to  Amphist. 

Specific  diagnosis. — Pseudodiscus  (p.  170):  Body  3.5  to  5  mm.  long  by  2  to  3  mm.  i 

broad;  light  buff  in  color  (alcohol  material);  oval,  oral  pole  bluntly  rounded,  tilted  i 

slightly  ventrad,  caudal  pole  very  bluntly  rounded,  almost  semicircular;  lateral  mar-  i 

gins  convex  in  transverse  section,  straight  to  convex  longitudinally,  dorsum  convex,  i 

venter  fiat  to  slightly  concave  longitudinally  and  transversely;  oral  pole  with  slender  ' 

digitate  papilla*.     Genital  pore  ventro-median,  postbifurcal.  two-fifths  of  body  length  ! 

from  oral   margin  with  subheniispherical    bulging.      Acetabulum  ventral  at  caudal  I 

end,  oval  to  circular,  1.2  mm.  in  sagittal  diameter,  ajierture  0.5S  mm.,  dome  0.30  mm.  i 

thick;  i(s  margin  projec(,s  and  is  separated  from  the  body  by  circular  groove;  cavity  ; 

rather  shallow.     Mouth  subterminal;  oral  sucker  conslricled  at  equator  into  globidar  i 

oral  and  a  shorter  broader  ('sophageal  portion;  well-defined  bulbs  al).senl.  but  tliere  ' 

are  2  large  pouches  which  extend  caudad  about  to  equator  of  eso|)hagus;  esojihageal  I 

portion  of  sucker  and  the  pouches  lie  in  a  perisuctorial  cavity;  esophagus  arises  from  j 

base  of  sucker,  extends  to  caudal  margin  of  oral  third  of  body;  the  anterior  half  of  | 

esophagus  about  90/t  thick,  with  wall  22/t  thick,  its  caudal  half  increased  enormously  ; 

(up  to  330/()  in  diameter  by  increase  of  nui.-^cular  ti.^sue;  ceca  long,  extend  in  wa\'y  j 

course  to  or  slightly  beyond  equator  of  acetabulum;  their  course  is  wavy  and  at  equa-  i 

tor  of  animal  they  appriKuli  toward  ineijinn  line.     Kxrretory  pore  at  caudal  extremity;  I 
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excretory  vesicle  dorsal  of  acetabulum,  extends  from  near  shell  gland  to  postacetabu- 

Male  organs:  Testes  preacetabular  in  same  longitudinal  median  field,  with  sepa- 
rate or  slightly  overlapping  zones,  deeply  lobate  but  not  of  cauliflower  type,  noticed 
in  Ps.  stanleyii;  vasa  efferentia  arise  from  dorsal  aspect,  extend  cephalo-dorso-laterad, 
then  cephalad,  uniting  about  120/i  cephalad  of  cephalic  testis  to  form  vas  deferens; 
vesicula  much  coiled,  musculosa  coiled  and  well  developed,  prostatica  and  ejacula- 
torius  short,  the  latter  uniting  with  metraterm  to  form  wide  ductus  hermaphroditicus, 
which  discharges  at  genital  pore;  cirrus  pouch  absent. 

Female  organs:  Ovary  posttesticular,  in  testicular  fields,  in  pre-  and  acetabular 
zone;  shell  gland  postovarial;  vitellaria,  with  small  follicles,  chiefly  in  extracecal 
area,' apparently  confined  to  cecal  zone;  uterus  emerges  ventrally  from  shell  gland, 
passes  in  coils  dorsad,  caudad,  then  cephalad  dorsally  of  ovary  and  testes,  ventro- 
cephalad  under  arch  of  vasa  efferentia,  to  ductus  hermaphroditicus;  Laurer's  canal 
long,  extends  from  oviduct  caudo-dorsad,  dorsally  of  excretory  vesicle  to  dorso-median 
line,'  opening  slightly  cephalad  of  caudal  margin  of  acetabulum,  cephalad  of  excre- 
tory pore. 

Eggs:  Not  observed. 

Type  .■ — Unknown . 

Habitat.— Colon  of  elephant  (Elephas  indicus),  India. 

Source  of  material. — The  material  at  our  disposal,  consisting  of 
11  specimens,  was  kindly  sent  to  us  by  Prof.  Pietro  Stazzi,  of  Milan, 
Italy-  The  specimens  are  presumed  to  be  some  of  those  collected  by 
Plana  and  Stazzi  (1900)  from  the  colon  of  an  elephant. 

Historical  review.— Cobbold  (18751,  736)  originally  named  this 
species  without  giving  any  anatomical  details,  but  discussing  its  pos- 
sible effects  upon  the  host.  The  worms  were  collected  from  the  ele- 
phant and  sent  to  him  from  Secunderabad,  India.  They  were 
named  in  honor  of  the  sender.  In  his  second  paper  (1875n,  818,  819) 
no  details  were  added.  Later  Cobbold  (1877e,  234)  refers  to  having 
noticed  some  papillae  in  the  acetabulum  of  this  species  (but  the  ques- 
tion arises  as  to  whether  he  did  not  perhaps  have  before  him  speci- 
mens of  Amphist.  jMpillatum  from  the  same  host).  Still  later  (1879a, 
393,  396,  399)  Cobbold  refers  to  the  worms  in  connection  with  the 
habit  of  dirt-eating  among  elephants,  and  states  that  he  had  also 
found  liawlrsii  in  an  elephant  which  died  in  England. 

Megnin  (1882v,  455)  states  that  Cobbold  had  admitted  in  a  letter 
that  Amphist.  liawlesii  and  A.  ornatum  represent  two  varieties  of  the 
same  species. 

Cobbold  (1882a,  224,  238-240,  241,  fig.  8)  gives  Ampliisf.  collinsii 
var.  stanleyi  as  synonym  of  hawJcesii,  but  states  that  he  thinks  that 
stanleyi  will  eventually  prove  to  be  a  good  species.  He  publishes 
the  following  Specific  diagnosis  of  hawJcesii,  which  really  represents 
the  first  attempt  at  a  detailed  zoological  description : 

Body  of  a  pink  color,  smooth,  plano-convex,  finely  wrinkled  transversely,  bluntly 
pointed  and  contracted  in  front,  broadly  rounded  behind.  Head  surrounded  by  a 
few  regular  liut  not  well-i)r()n<)unced  folds,  armed  with  numerous  small  and  extremely 
minute  warty  papilhe.     Moutli   terminal,  circular.     \'entral  surface  often  slightly 
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depressed  near  the  center,  forming  slight  prominences  on  either  side.  Caudal  sucker  i 
placed  well  forward,  rather  large,  circular,  with  a  broad  lip  and  smooth  concavity. 
Reproductive  papilla  small,  situated  nearly  midway  between  the  mouth  and  upper 
margin  of  the  caudal  sucker.  Length,  on  the  average,  three-eighths  of  an  inch;  the 
longest  specimen  seven-.'iixteenths  of  an  inch.  Breadth  one-fourth  of  an  inch.  Hab., 
large  intestines  of  Elejihas  indicus. 

Cobbold's  figure  8  does  not  add  any  essential  details- 
Cobbold  (lSS3x,  51.5)  again  refers  to  this  species  incidentally,  but 
gives  no  further  details.     Neither  are  any  additional  data  given  by    | 
Braun  (1893a,  874,  905;  1893d,  466),  Huber  (1896a,  579-580),  Fis-    | 
choeder  (1902a,  48;  1903h,  631),  or  Looss  (1902m,  439),  none  of  whom    i 
examined  this  species. 

Sonsino  (1895,  4)  considers  Imwkesii  as  identical  with  colHnsii, 
transfers  the  species  to  Pseudodiscus,  and  gives  the  following  specific 
characters: 

Color  ro.sso  camicino  come  generalmente  tutti  gli  Amfistomidi  di  mammiferi.     10 

mm.  by  6  mm.     Corpo  allungato,  conve.^so  pianeggiante,  sensa  ])eduncolo  di.^itinto,  \ 

con  leggi^re  striscie  trasverse  e  coll'  estremo  anteriore  ristrotto,  ma  ottuso  e  1'  estremo  ( 

posteriore  arrontondato.     Bocca  terminalo  e  circolare.     Sujjcrficie  vent  rale  spesso  i 

alquanto  depre.sse  verso  il  centro,  dando  cosi  aj)parenza  di  superficiale  cscavazione,  i 

con  due  leggi^re  prominenze  latorali  corrispondenti  probabilmente  alle  due  masse  i 

testicolari.     Ventosa  posteriore  subterminale,  larga,  circolare  con  margine  gros.><o  e  con  i 

cavit^  liscia.     Papilla  genitale  piccola  a  mezza  distanza  tra  la  bucca  e  il  margine  i 
euijeriore  della  vento.sa  posteriore. 

Later,  Sonsino  (1896,  310)  merely  Jiicntions  the  worm.  i 

Piana  and  Stazzi  (1900,  520-525)  (h^scribed  specimens  of  worms  ' 

determined  as  Antphistoinum  hdwkesi  fouml  in  the  colon  of  an  ele])hant  I 

autopsied  in  Milan.     Tlieir  diagnosis  reads:  ' 

Corpo  di  color  rosso  camicino,  oblungo,  conve.-^so  nel  superficie  dorsale  ed  escavato  a  | 
doccia  in  quella  ventrale.  Estromita  arrotondate,  quella  posteriore  piu  larga  della  i 
anteriore.  Lunghezza  del  corpo,  in  tutti  gli  individui  esaminati,  no  superiorc  a  i 
G  mm.;  larghezza  corrispondentemente  al  tcrzo  anteriore  del  corpo  2.70  mm.,  corris-  ■ 
pondentemente  al  tcrzo  posteriore  3.70  mm.  La  superficie  cuticolare,  guardata  con  ! 
lente,  appare  irregolarmente  striata  nel  sense  trasversale.  Sul  margine  della  i)arte  1 
anteriore  del  corpo,  alquanto  verso  la  superficie  ventrale,  si  trova  la  bocca  oblunga  in 
senso  verticale  circondata  da  una  piccola  vonfo.'^a  del  diametro  di  O.IS  mm.,  la  <|uale  i 
b  limita  da  un  orlo  della  larghezza  di  O.IO  mm.  Sulla  superficie  ventrale  a  livello  del  ! 
limitc  Ira  il  terzo  anteriore  e  il  lerzo  mediano  <lelle  larghezza  del  corjK),  si  Irova  il  i)oro  ! 
gf'iiitalc,  in  forma  di  un  orifizio  oblungo  in  senso  trasversale,  lungo  0.25  mm.  c  largo  i 
0.15  mm.  Sempre  sulla  sui)erii(ic  ventrale,  alia  distanza  di  4. SO  mm.  della  ventosa  I 
boccale,  e  quindi  nella  parte  posteriore  del  corpo,  .-^i  trova  la  ventosa  i>osteriore,  la  ; 
quale  v  circondata  da  un  orln  largo  circa  0.17  mm.  ed  ha  un  orifizio  del  diametro  di  '; 
0.40  mm. 

Of   the   iii(ern:d    iinaloiny   Ihcy   recognized    (he   "i)harvn.\"    (oral  I 

sucker),  with  a  (hverticuhim  each  .si(U\  an  eso|)liagus  0.7  mm.  h)ng  I 

with  posterior  nuiscuhir  Ihickeiiiug,  and  2  h)ng  wavy  ceca  which  end  in  I 

thesucloriid  zone;  lheo\iii\  nnd  "  \itellog(>ne  gland  "  [  =  shell  gland]  ' 

are  locatcMl  nejir  Ihe  acetabuhim;  (he  u(enis  is  (lexuoiis  and  extends  ! 

ce|)hahi(l  (o  (he  g(Mii(al  por<';  (h'xlral  of  (he  "femah^  ])ore "  (here  are  • 

seen  structures  indicative  of  the  cirrus,  vas  deferens,  and  (he  2  testes,  . 
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but  they  figure  (fig.  14)  2  pairs  of  testes,  1  pair  cephalad  of  the  other, 

zones  separate,  fiekls  coincide.  n      n    r. 

Piana  and  Stazzi  point  out  that  their  specimens  are  smaller  than 

Cobbold's,  but  explain  this  fact  by  assuming  that  they  are  dealing 

with  young  worms.  „    ,    .  *      i  •  * 

We  accept  the  specific  determination  of  their  worms  as  Ampfiist. 
lawlesii  on  the  principle  that  when  an  author  claims  to  have  iden- 
tified a  species  his  identification  is  to  be  assumed 
to  be  correct  until  proved  to  be  incorrect.  At  the 
same  time  we  may  be  permitted  to  recall  the  fact 
that  recent  work  on  trematodes  has  caused  a  great 
many  surprises  and  it  is  not  by  any  means  ex- 
cluded that  if  Cobbold's  original  specimens  can  be 
found,  the  material  here  accepted  as  lawkesii  may 
eventually  prove  to  be  a  distinct  species. 

In  order  to  avoid  a  troublesome  nomenclatural 
difficultv  which  frequently  arises,  and  in  regard  to 
which  authors  are  at  present  divided  in  opinion,  we 
would  state  that  should  the  original  material  of 
Uwl-esii  prove  to  be  distinct  from  the  material 
here  described,  the  subgenus  IlcnoJcesius  is  based  upon  the  material 
now  on  hand,  without  any  reference  to  characters  which  may  or  may 
not  be  present  in  the  type  of  hawkesii.  In  other  words  the  species 
represented  by  U.S.P.H.  &  M.  H.S.  no.  10545  is  the  type  of  Hawlesius. 

EXTERNAL    CHARACTERS. 

Size  —The  alcohol-preserved  specimens  varied  in  length  between 
3  5  and  5  mm.,  and  in  greatest  width  between  2  and  3  mm. 

Color.— The  w^orms  are  of  a  light  butt  tint. 
.  -^x  Form.— The  bottle  in  which  the  specimens  were 

sent  to  us  was  found  on  arrival  to  be  broken  and 
/  ij  the  specimens  dried  out.     They  were  put  into  70  per 

''  cent,  alcohol  in  which  they  regained  to  a  considera- 

ble extent  their  original  form,  but  they  are  still 
shrunken  and  deformed  to  a  considerable  degree 
(figs.  163,  164).  They  suggest  Ps.  coUinsu  m  form, 
\nxi  appear  more  elongate  and  with  the  oral  pole 
relatively  more  acutely  pointed. 
v\  The  dorsum  is  convex  both  longitudinally  and  from 

''^'^- side  to  side;  the  venter  is  flat  or  slightly  excavate  in 

""'"    '"'  both  the  longitudinal  and  transverse  directions,  the 

concavity  being  best  defined  in  the  caudal  half  of  the  venter.  The 
oral  pole  is  bluntly  rounded,  presents  a  slightly  bulbous  appearance 
and  is  tilted  to  a  variable  degree  ventrad.  The  caudal  pole  is  broad 
and  rounded  from  side  to  side.  The  lateral  margins  are  convex  m 
transverse  section  and  straight  or  but  slightly  curved  longitudinali>  . 
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Surface. — The  cuticle  is  marked  on  its  ventral  surface  by  fine 
transverse  sulci.  These  sulci  are  most  clearly  defined  in  tlie  region 
between  the  genital  pore  and  acetabulum.  Around  the  oral  pole  there 
are  slender  cUgitate  papillse  (fig.  172),  some  of  which  measure  90,u 
in  length  when  measured  in  sagittal  sections. 

Genital  pore. —In  about  the  median  line  of  the  ventral  surface,  about 
two-fifths  of  the  body  length  from  the  oral  margin,  is  a  distinct  subheini- 
spherical  ventral  bulging  (figs.  163, 169)  of  variable  extent,  measuring  in 

sections  of  one  specimen  0.375  mm.  in 
longitudinal  diameter.  At  the  ver- 
tex of  this  bulging  is  the  genital  ])ore. 
This  pore  measured  150«  in  longitu- 
dinal diameter  in  one  sectioned  speci- 
men. It  leads  into  an  irregularly 
cylindrical  chamber  into  the  lumen  of 
which  there  arises  from  its  dorsal  wall 
the  genital  papilla  (fig.  165). 

There  was  observed  in  several  of  the 
s])ecimens  still  another  ventral  bulg- 
ing. This  is  elongate,  in  the  median 
longitudinal  line  (fig.  163)  and  extends 
from  a  little  below  the  bulbous  oral  ex- 
tremity to  almost  the  genital  bulging. 
This  elongate  bulging  is  found  in  sec- 
tions to  correspond  to  the  esoj)hageal 
bulb  (fig.  168).  In  the  median  line  of 
the  caudal  portion  of  the  A-enter  the 
aperture  of  the  acetabulum  ])resents 
itself.  It  is  irregularly  oval  or  circu- 
lar in  form  encircled,  as  in  Ps.  colliusii 
and  Ps.  sianleyi't,  by  a  rim  which  is 
marked  off  from  the  general  surface 
by  a  deep  narrow  groove.  On  each 
side  of  this  ai>erture  the  venter  of  the 
worm  l)ulges  out  so  that  it  a|)pears  to  be  in  a  more  or  less  well-marked 
fairly  l)road  vertical  groove  (lig.  163). 

Ac(t(ihiihim. — The  ac(>tal)ulum  is  in  the  cauthd  portion  of  the  bod  v. 
and,  as  ah'cady  slated,  its  a|)erture  is  on  ilir  ventral  asjx'ct  of  the 
cau(h-d  extremity.  Measured  in  sagittal  sections  of  one  specimen  tlie 
vertical  (nam(>l(>r  was  1.20  mm.,  witli  an  aperture  of  0.5S  nun.  in  the 
sam(>  (Hameler,  with  a  thiekiu-ss  of  dome  of  0.30  nnn.  As  in  Ps. 
coll, lis',]  and  in  Px.  s'(<nilti/il  the  ac(>tabnhir  apertun*  is  eneirch'<l  by  a 
lirojeeting  ring  (figs.  1()3,  165)  marked  (.(f  from  the  general  b.xly  sur- 
face by  a  deep  narrow  grooV(>.  This  ring  is  formed  by  pari  of  th(> 
acetabulum  itseli". 
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INTERNAL   ANATOMY. 

DiGESTiTE  TRACT.-The  Cephalic  extremity  is  pierced  by  the  mouth 
which  is  somewhat  elliptical  in  form  and  directed  dorso-ventraUy 
The  aperture  of  the  mouth  leads  directly  mto  the  oral  «»*"    ""^ 
appears  to  be  divided  into  two  portions  by  a  circular  constriction  at 
about  its  equator.    The  first  or  oral  portion  appears  somewhat  globu- 
hiTn  form     The  form  of  the  second  or  esophageal  portion  can  not  be 
made  out  accurately  from  the  materia!  at  our  disposa  .     I^.»  g-"-' 
way  however,  it  is  shorter  but  broader  than  the  ora  portion     The 
tacr  ase  in  the  transverse  diameter  is  preparatory  to   he  ormation  o 
lateral  suctorial  pouches  which  project  caudad  and  laterad  of  the 
point  of  origin  of  the  esophagus.     They  are  irregular  y  globukr  in 
Tonu  and  extend  caudad  on  each  side  and  dorsa  ly  of  the  esophagus 
(fi-^s.   165,  167,  168)  to  about  the  equator  of  the  latter.     A  wd - 
deSned  suctorikl  bulb,  such  as  was  described  for  P..  -S»- -"'l  ^- 
stanleyii,  is  not  present.    The  suctorial  walls  are  muscular  (figs.  166, 
172),  but  the  arrange- 
ment of  the  muscuhir 
bundles  is  less  compact 
than  m  Ps.   coUinsii. 
The  structure  of  the 
pouch  wall  (figs.  167, 
168)  is  distinctly  less 
muscular  than  that  of 
that    portion    of    the 
sucker  from  which  the 
pouches  project   and 
the  transition  in  struc- 
ture from  one  to  the  , 
o"her  can  readily  be  made  out.     The  cell  structure  o     the  pouch 
walls  isdoose  but  the  cells  are  decidedly  smaller  than  those  of  P.^ 
coainsii     The  lumen  of  the  sucker  and  pouches  is  lined  bj   a  th  n 
cuticle-hke  layer.    That  of  the  second  portion  of  the  sucker  is  closely 
be       by  small  conical  papilto.     A  space  around  the  caudal  portion 
of  the  sucker  and  the  pouches  similar  to  that  in  Ps.  ™^;^«.«  is  presel 
(fi^s  166,  167,  168).    The  es<,phagus  springs  from  the  ventral  aspect 
ofuie  bale  of  the  sucker.     For  about  one-third  its  length  ,t  passes  in 
a  slightly  wavy  course  caudad,  then  turns  rather  ■'•^•■"'"'■'/"boutX 
directly  dorso-caudad  to  a  point  in  a  transverse  plane  a    about  the 
junction  of  the  first  with  the  equatoria   third  of  the  ^^     »    '  b°" 
midway  between  venter  and  d,>rsum,  where  it  gives  off  the  '"testm*' 
cec a     The  walls  of  the  first  portion  of  the  esophagus  measured  m 
Llilsverse  sections  of  one  specimen  were  ab,u,t  22,  in    hickness^  the 
diameter  of  the  esophagus  at  the  same  point  being  "l^"";  f «■",  £^^^ 
second  portion  of  the  esophagus  the  walls  become  greath  thickened 
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by  the  development  of  its  muscular  layers.     In  tiiis  portion  three  I 

layers  can  readily  be  made  out,  an  internal  and  an  external  of  lonj^itu-  t 

dinal,  and  a  middle,  very  thick  layer,  of  circular  fibers  (fi^s.  1 72.  ]7:i).  { 

This  portion  of  the  esophagus  measured,  in  a  sagittal  section  of  one  i 

specimen,  was  750/i  long  with  a  maximum  dorso-ventral  diameter  of  i 
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330/f  and  with  a  thickness  of  wall  of  between  90/^  and  105«.     The 
esophagus  is  lined  by  a  fairly  thick  cuticle-like  layer. 

The  intestinal  ceca  pass  latei-ad,  at  first  alniost  at  right  angles 
with  the  esophagus,  then  describing  a  gentle  curve  (hoy  pass  caudad 
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m  a  vcnlro-.loisaJ  wavy  c.ursc  appaici.t  Iv  similar  1..  ihat  in  J*s  col- 
hnsn  (fig.  174).  A(  al.out  tlie  level  of  the  c<,ua(or  of  (he  animal  the 
ceca  approach  dose  to  (he  conespon.ling  ,lo.so-la(e.al  aspe<-t  ..f  (ho 
superior  testis.     This  is  also  the  point  where  in  tlieir  course  the  iiKes- 
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tines  come  nearest  together.  A  similar  peculiarity  has  been  noted 
in  Ps.  collinsii  and  Ps.  stanleyii.  The  intestines  extend  caudad  to  or 
slightly  beyond  the  equator  of  the  acetabulum.     In  transverse  sec- 


FlG.  169. 

tions  the  ceca  are  irregularly  circular  in  outline  and  are  more  or  less 
constricted  at  irregular  intervals,  causing  considerable  variation  in 
diameter.     The  lumen  is  lined  by  an  epithelial  cell  layer. 

Genital  system.— With  the  exception  of  the  vitellogene  glands 
the    genital    organs 
are  disposed  in  the 
intercecal  space. 

Male  organs. — 
The  two  testes  are 
in  the  axial  region 
of  the  bod}^,  some- 
what nearer  the 
venter  than  the  doi- 
sum.  They  occupy 
about  two-ninths  of  '^i 
the  body  length  in 
the  zone  immedi- 
ately   cephalad     of 

"^  ^  Fig.  1(0. 

the    acetabulum. 

They  are  placed  one  directly  caudad  of  the  other,  their  zones 
either  overlapping  very  slightly  or  separated  by  a  veiy  narrow 
interspace.     The  two  testes  are  of  about  the  same  size;  measured 
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from  a  series  of  transverse  sections  of  one  specimen  the  superior 
testis  was  42fJ«  long  by  365 «  wide  by  210/£  thick,  while  the  caudal 
testis  was  400^  long  by  390/i  wide  by  ISO/i  thick.  Each  testis 
is  divided  into  numerous  lobes  by  deep  infoldings  of  its  inclosing 
membrane.  The  testes  are  not  quite  of  the  cauliflower-type,  such  as 
those  of  Ps.  collinsii  and  Ps.  stanleyii.  From  tlic  doi-sal  aspect  of 
each  testis  there  emerges  a  vas  efferens  (figs.  170.  171).  After  emerg- 
ing from  the  testes  the  vasa  ellerentia  tend  cephalo-dorsad  ami  away 
from  the  median  line,  the  vas  from  the  superior  testis  going  to  the 
left  and  that  from  the  inferior  (or  caudal)  to  the  right.  After  reach- 
ing a  point  near  the  mesial  aspect  of  the  corresj)onding  intestine  the 
vasa  pass  directly  cephalad  until  they  reach  a  plane  slightly  (al)out 
120,«)  cephalad  of  the  superior  aspect  of  the  superior  testis,  when  each 
curves  inward  to  unite  with  its  fellow  to  ftJini  the  vas  deferens.     In 
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so  doing  the  vasa  efTerentia  form  a  transverse  arch,  bcucath  which 
the  uterus  passes  as  it  ascends  cephalo-ventrad.  The  vas  ck'Tcrcns 
presents  in  the  first  part  of  its  course  a  much  coiled  vesicula,  which  is 
succeeck'd  in  the  second  part  by  a  coiled,  well-developed  imisculosa. 
The  latter  gives  place  to  a  sIk.iI  pioslatica.  The  t(M-miiial  |)ortion 
of  the  vtis  deferens  is  a  short  narrow  (hict,  the  ductus  ejaculatorius, 
which  unites  at  the  base  of  the  genital  papilhi  with  the  terminal  por- 
tion of  the  uterus  to  form  the  ductus  herniaphioiht  icus  (fig.  Hi.'),  ,1.  /,.). 
'V\\t'  hitter  is  a  wide  duct  which  pierces  the  genital  papilla  to  open  on 
the  vertex  of  the  latter  at  the  porus  hermaj)hrodit icus. 

hVindh  organs.— The  ovary  lies  posttesticular,  a  little  to  the  left  of 
the  median  sagittal  plane,  close  to  the  acetabulum,  and  in  or  imme- 
diately caudad  of  the  transverse  j)lane  of  its  sujx'iior  margin.  The 
oviduct  springs  from  the  dorsal  aspect  of  the  ovaiy  and  passes  caudo- 
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iorsad,  skirting  the  dorsal  aspect  of  the  shell  gland  and  giving  off 
'.aiirer's  canal  close  to  the  dorso-caiidal  aspect  of  the  latter.  The 
nain  duct  then  penetrates  this  aspect  of  the  shell  gland.  The  shell 
Tland,  apparently  somewhat  larger  than  the  ovary,  lies  immediately 
'audo-dorsad  of  the  latter.  It  is,  as  just  described,  penetrated  on 
;ts  caudo-dorsal  aspect  by  the  oviduct;  on  its  caudal  aspect  it  is 
penetrated  by  a  duct  which  is  interpreted  as  the  vitello-duct.  The 
imion  between  these  ducts  is  not  satisfactorily  made  out  hi  our  prep- 
arations, but  no  doubt  it  takes  place  to  form  a  fairly  distinct  ootype, 
the  continuation  of  which  emerges  from  the  ventro-cephalic  aspect 


of  the  gland  as  the  uterus  (fig.  105).  After  emerging,  the  uterus 
turns  to  the  right  and  dorsad,  then  dips  caudad  dorsally  of  the  shell 
gland  and  in  the  axial  region  of  the  worm,  forming  some  coils,  then 
turns  cei)halad  describing  coils  as  it  ascends  between  the  dorsum  and 
the  testes.  It  passes  ventro-cephalad  over  the  superior  testis  and 
beneath  the  arch  of  union  of  the  vasa  efferentia  to  gain  the  ventral 
aspect  of  the  coiled  vas  deferens.  It  retains  this  relation  in  the 
remainder  of  its  course  to  the  base  of  the  genital  pai)illa.  where  it 
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unites  with  the  ductus  ejaculatorius  in  the  formation  of  the  ductus' 
hermaphioditicus. 

Laurer's    canal    passes    caudo-dorsad    dorsally    of    the    excretory 
vesicle  to  open  in  about  the  median  line  of  the  dorsum,  cephalad  of 
the  excretory  i)ore  and  slightly  cephalad  of  the  level  of  the  caudal! 
margin  of  the  acetabulum. 

The  vitellogene  glands,  consisting  of  small  insignificant  follicles, 
are  longitudinally  disposed  in  the  extracecal  area,  their  caudal  por-i 
tions  extending,  however,  into  the  cecal  and  to  a  slight  extent  into' 
the  intercecal  area.     Longitudinally  they  do  not   api)ear  to  extend 


-of'-f 


outside  of  the  cecal  zone,  hut  this  |)()int  cau  not  be  ma(k>out  from  our 
prcpiirations  as  satisfactorily  as  is  desirable. 

KxcRKToio-  SYSTEM. — The  excretory  vesi(de  li(>s  close  to  the  dorsal 
as|)ect  (the  dome)  of  the  acetabulum  (fig.  !(>.").  (.r.  v.).  It  begins  cIo.se 
to  the  \(Mitro-cau(hd  aspect  of  the  shell  ghuid  and  extends  to  slightly 
above  the  caudal  margin  of  tlie  acetabulum,  beyond  wliieh  point  it  is 
continued  ns  a  rehitivi«ly  thick  duct  to  open  in  al)out  the  median  line 
<>l  I  he  ciiudid  (wiremily.  This  <luct  is  inclosed  in  a  well-marked 
layer  of  nuclei,  probably  of  cells,  the  bodies  of  which,  however,  are 
not  satisfactoiily  discernible.  The  exci-etory  canals  can  not  be  sat- 
isfaclnrily  folhiwcd  in  (tur  ])repariil  ions. 
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ILLUSTRATIONS. 


YiG,  163.— Ventral  aspect.     Enlarged.     Original. 

Yi(i    164.— Profile  view  of  same.     Enlarged.     Original. 

Yj(^   165 —Diagrammatic    sagittal    section,    showing    oral   sucker 

0  s.),  suctorial  pouci.  (s.  p.),  esophagus  (es.),  testes  (t),  vas  deferens 
v   d.),  uterus  (ut),  ovary  (ov.),  oviduct  {ov.  d.),  shell  gland  {s.  g.) 
^aurer's  canal  (L.  c),  excretory  vesicle  {ex.  v.),  excretory  pore  {ex.  p.), 
renital  papilla  (g.  pap.),  ductus  hermaphroditicus  {d.  h.),  and  ace- 
•abulum  {ac).     Enlarged.     Original. 

Yjg  166.— Transverse  section  (about  through  equator  ot  oral  por- 
tion of  sucker,  o.  s.)  to  show  its  form  and  the  perisuctorial  space 
ip.s.sp.).    Enlarged.    Original. 

Fig.  1 67 . — Transverse  section 
(at  level  of  origin  of  esophagus) 
to  show  position  and  relations  of 
suctorial  pouches  {s.  p.)  and  be- 
ginning of  esophagus  {es.);  also 
shows  extension  of  perisuctorial 
space  {p.  s.  sp.).  Enlarged. 
Original. 

Fig.  168. — Transverse  section 
at  beginning  of  bulbous  por- 
tion of  esophagus  to  show  posi- 
tion and  relation  of  fundi  of  suc- 
torial pouches  {s.  p.)  to  this 
portion  of  the  esophagus  {es.). 
Shows  also  extension  of  perisuc- 
torial space  {p.  s.  sp.)  and 
molding  of  venter  over  the 
esophagus.  Enlarged.  Original. 

1  Fig.    169. — Transverse    sec- 
tion at  level  of  genital  pore,  showing  subhemispherical  genital  bulgmg, 
genital  pore  {g.  p.),  pars  musculosa  {p.   m.),   ductus    ejaculatorms 

\  (d.  e.),  and  intestinal  ceca  (i.).     Enlarged.     Original. 

YiG,  170.— Transverse  section  at  level  of  origin  of  left  vas  efferens 
{v.  e.  s.)  from  superior  testis  {t.).     Shows  also  position  and  relations 
I  of  intestinal  ceca  {i.),  uterus  {ut),  right  vas  efferens  {v.  e.  d.),  and 
vitellaria  (v.  ^.).     Enlarged.     Original. 

YiG,  171.— Transverse  section  at  level  of  origin  of  right  vas  etterens 

(r.  e.  d.)  from  caudal  testis  {t.).     Shows  also  position  and  relations 

;  of  intestinal  ceca  (i.),  uterus  {ut.),  and  vitellaria  {v.  g.).     Enlarged. 

Original.  , 

YiG.  172.— Sagittal  section  through  oral  extremity.  Shows  moutU 
{m.),  oral  sucker  (o.  s.),  ami  first  portion  of  esophagus  {es.);  also 
shows  mesial  wall  of  suctorial  pouch  {s.  p.).     Enlarged.     Origmal. 


Fig.  174. 


212 

Fig.  173. — Sagittal  section  through  second  portion  of  eso])hiio;iis  ^ 
(es.);  shows  also  portion  of  suctorial  pouch  (s.  p.).  Enhuiiod. : 
Original.  j 

Fig.  174. — Diagram  to  show  topography  of  digestive  tract.     (ic.,t 
acetabulum;  g.  p.,  position  of  genital  pore;  es.,  esophagus;  i..  intes- 
tinal ceca  (showing  constrictions  and  dilatations);  //(.,  nioulh;  o.  s., 
oral  sucker  (and  pouches) ;  ^.,  testes;     Enlarged.     Original. 

WATSONIUS,  new  genus. 

Generic  diagnosis. — Cladorchiinse  (p.  169):  Body  inriform.  \eiitral  pouch  J 
absent.  Acetabulum  ventral  or  ?  ventro-sul)terminal;  very  large,  mai-gins  prt)jecting;  { 
aperture  small.  Genital  pore  preljifunal,  without  sucker;  ductus  hermai)hro(liticup  j 
apparently  absent.  Excretory  pore  caudad  of  vesicle,  in  acetabular  zone,  caudad  of 
])ore  of  Laurer's  canal.  Oral  sucker  with  a  pair  of  latero-caudal  irregularly  globular  i 
suctorial  pouches;  esophagus  with  distal  thickening  of  muscular  layer  (esophaircal  '* 
thickening) ;  ceca  long,  not  wavy,  end  postequatorial,  posttesticular,  in  acetabular  zone.  I 

Male  organs:  Testes  2,  lobulate,  smaller  than  acetabulum,  fields  nearly  or  quite  i 
coincide,  zones  abut  to  slightly  overlap,  preovarial,  not  far  removed  from  acetabulum,  i 
in  equatorial  and  caudal  thirds;  musculosa  not  enormously  developed;  cirrus  jiouch  i 
absent. 

Female  organs:  Ovary  and  shell  gland  immediately  posttesticular;  viiellaria  extend  1 
about  from  bifurcal  zone  to  slightly  postcecal,  into  aceta])ular  zone;  uterus  intercecal,  j 
in  part  posttesticular;  Laurer's  canal  cephalad  of  excretory  vesicle.  j 

Type  species. —  Watsonius  watsoni  (Conyngham,  1904).  j 

>VAT.SO.\IUS  WATSOM  (ConynRham,  1904)  Stllos  i  (JoIdDprircr.  I!>l«.  j 

(Figs.  175  to  1S9.]  I 

1904:  Amphist.  watsoni  Conyngham,  1904,  Aug.  13,  464;  Aug.  27,  355;  1905,  Sept.  ! 
8;  1902,  Sept.  17,  663,  figs.  1-2  (in  Homo,  Africa);  1905,  Sept.  2!».  14S0;  1905,  i 
Oct.  8,  710.— Shipley,  1905,  8  to  Cladorchis. 
1905:  Cladorchis  iimtsoni  (Conyngham,  1904)  Shipley,  1905,  129-135,  ]A.  4,  Jigs.  \ 
1-10  (in  Homo,  Africa);  1905,  1-9,  pi.  4,  figs.  l-IO;  1905,  Ai)r.,  205;  1905,  Apr.  j 
8,  950;  1905,  Nov.  2,  1298;  1905,  9  pp.,  10  figs.— Braun,  1908,  4  ed.,  175-  I 
176,  figs.  125-126.  i 

I 
Si'Kc  iik;  uiACNOfiis.— Watsonius  (p.  212):  Body  8  to  JO  mm.  long,  by  4  to  .>  mm!  i 
in  maximum  breadth,  by  4  mm.  thick;  fresh  specimens  redflish-yellow,  translucent,  I 
gelatinous:  pre.'^erved  specimens  dark  slate  to  dirty  brown  in  color;  pyriform,  great(»st  : 
diameter  about  at  l)order  of  equatorial  and  caudal  thirds;  tapers  cephalad  to  al)out  L'.5  , 
mm. ;  tapers  more  rapidly  caudad  so  that  the  caudal  extremity  is  very  bluntly  rounded ;  I 
lateral  margins  convex  on  ventral  view;  -venter  .«omewliat  llattened  and  slightly  ' 
indented  posteriorly  at  margin  of  acetabulum;  venter  surrounded  by  an  elevated  ridge  \ 
and  bulges  posteriorly  [transverse  sections  are  too  irregularly  contracted  from  preser-  I 
vation  to  i)ermit  of  safe  interi)retalion].  Surface  with  transverse  ridges,  coarser,  and 
better  defined  ventrally.  (ieiiital  j)ore  ventro-median,  "about  2  mm.  from  the  oral  • 
sucker,"  or  rather  prominent,  about  one-fourth  of  body  length  from  anterior  end;  ;i 
about  at  e(|uator  of  e.-^ophageal  zone  and  in  zone  of  suctorial  pouches.  Acetal)ulum  i 
venlro-subtermiiial  (or  ventral?),  very  large,  over  1  mm.  in  diameter;  i(.«»  free  margin  i 
j)rojects  considerably;  aperture  small.  Mouth  ventro-sul)terminal  in  a  dorso-venlral  i 
groove  (contraction?),  with  digitate  pa])illje;  oral  sucker  sunken  in  bo<ly.  very  large,  i 
about  one-fifth  as  long  as  l»ody,  attains  1.2  mm.  in  transverse  and  1.1  mm.  in  dor-o-  ( 
ventral  diameter;  with  a  pair  of  latero-caudal  irregularly  globular  suctorial  pou<hes,  i 
which  extend  about  halfway  to  bifurcal  zone;  esophagus  slightly  longer   than  oral    i 
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dcker  distinctly  bent,  its  convexity  ventrad,  its  muscular  wall  thicker  m  its  caddal 
lalt  •  ceca  extend  into  lifth  zone,  ending  in  anterior  half  of  acetabular  zone,  their  lumina 
•ompressed  laterally  so  that  their  dorso- ventral  diameter  is  about  5  times  as  great  as 
heir  transverse  diameter.  Excretory  pore  dorsal,  apparently  slightly  sinistrad  of 
nedian  line  in  zone  of  aperture  of  acetabulum;  excretory  duct  thick-walled;  excretory 
/esicle  relatively  small,  dorsal  of  acetabulum,  extends  about  from  plane  of  transverse 
^ritello-ducts  to  equator  of  acetabulum. 

Male  organs:  Testes  large,  deeply  notched  (lobulated),  each  about  one-seventh  as 
long  as  body,  one  caudad  of  the  other,  in  median  line,  fields  coincide,  zones  overlap 
very  sli-htly;  each  vas  efferens  springs  from  dorso-cephalic  aspect  [point  of  union  not 
definitely  traced];  vas  deferens  consists  of  vesicula  seminalis  intricately  coiled  and 
dilated  pars  musculosa  relatively  short  and  not  coiled,  a  dilated  portion  (correspond- 
in-  to  pars  prostatica),  in  which  no  prostatic  cells  were  found,  a  relatively  long,  narrow 
ductus  ejaculatorius  which  opens  on  genital  papilla,  cephalad  of  metraterm,  into 
papiUated  genital  atrium;  terminal  portion  is  surrounded  by  a  muscular  mesh  which 
forms  a  genital  bulging;  true  cirrus  pouch  absent. 

Female  organs:  Ovary  slightly  sinistrad  (but  apparently  touches  median  line) 
dorso-caudad  of  posterior  testis,  dorso-cephalad  of  acetabulum;  shell  gland  dorsad  of 
ovary  vitellaria  with  moderate  number  of  well-developed  follicles,  ventro-laterad  of 
ceca'  in  extracecal  and  cecal  area,  extend  from  bifurcal  zone  into  postcecal  zone  about 
to  equator  of  acetabulum;  uterus  passes  from  shell  gland  ventro-dextrad  into  acetabular 
zone  not  quite  to  end  of  ceca,  bends  cephalad,  runs  in  coils  dorsally  of  testes,  then  in 
rather  strai<^ht  to  sinuous  course  ventrally  of  vas  deferens  to  its  opening  caudad  of  male 
openin--  apparently  no  ductus  hermaphroditicus  present;  Laurer's  canal  opens  appar- 
ently in  dorso-median  line,  very  slightly  caudad  of  cephalic  limit  of  acetabular  zone. 

Eggs:  Eggs  oval,  122  to  130/i  long  by  75  to  80«  broad. 

Type.— (?).  Cotype    U.S.P.H.&M.H.S.  10720. 

Habitat.— Jejunum  and  duodenum  of  man  {Homo);  German  West  Africa. 

Source  of  mateeial.— We  are  indebted  to  the  kind  courtesy  of 
Dr.  A.  E.  Shipley,  to  whom  we  desire  to  express  our  sincerest  thanks, 
for  the  loan  of  a  series  of  transverse  sections  of  this  worm. 

Historical  review.— At  a  meeting  of  the  Section  of  Tropical 
Diseases  of  the  British  Medical  Association,  on  July  27,  1904,  Dr.  H. 
C  Conyngham,  demonstrator  at  the  London  School  of  Tropical  Medi- 
cine, presented  a  paper  entitled  "A  new  trematode  of  man  {Amphts- 
toma  watsoni):'  This  paper  was  abstracted  in  the  Lancet,  1904, 
August  13,  page  464,  and  Journal  of  Tropical  Medicine,  1904,  August 
15,'page  252.  The  full  paper,  which  appeared  in  the  British  Medical 
Journal,  September  17,  page  663,  reads  as  follows: 

A  NEW  TREMATODE  OF  MAN  {Amphistoma  watsoni). 

Last  Febniary  Doctor  ^Yatson,  of  Northern  Nigeria,  sent  six  curious  trematodes 
from  the  small  intestine  of  a  negro,  who  had  died  of  starvation  and  diarrhea,  to  the  Lon- 
don School  of  Tropical  Medicine.  These  proved  to  be  a  species  of  amplustomc  totally 
unlike  the  Gastrodiscm  hominis  of  Lewis-so  far  the  only  one  of  that  genus  found  in 
man-and  also  unlike  any  hitherto  described  as  occurring  in  animals.     A  specimen 

•  was  sent  to  Professor  Blanchard,  of  Paris,  who  very  kindly  examined  it  and  reported 
that  he  considered  it  a  new  species.     Doctor  Watson  sent  some  clinical  notes  of  the 

1   case;  they  are  as  follows;  . 

!  The  patient-one  of  a  gane  of  freed  slaves,  all  of  whom  were  in  a  pitiable  condition 
due  to  starvation-was  brought  from  Adamawa,  German  West  Africa,  to  Zola,  Northern 
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Nigeria.  He  was  found  to  be  suffering  from  diarrhea,  and  was  admitted  to  h(  spital,  $ 
where  he  died  the  same  night.  His  stools  were  numerous,  watery,  and  of  a  bilious  « 
color,  but  containing  no  blood  or  mucus.  In  the  stools  were  found  many  reddish-  t 
yellow,  translucent,  gelatinous,  oval  bodies  (the  trematodes).  Necropsy  revealed  > 
the  spleen  small,  hard,  and  black.  In  the  stomach  some  undigested  milk  was  found,  t 
The  duodenum  and  upper  part  of  the  jejunum  were  found  full  of  these  oval  l)odie8,  i 
some  of  which  were  alive  and  adherent.  The  mucus  membrane  showed  no  hemor-  j 
rhages,  but  appeared  to  be  slightly  red.  The  other  parts  of  the  bowel,  as  also  the  other  j 
organs,  were  normal.  A  few  of  the  bodies  were  seen  lying  in  the  large  intestine.  The  1 
patient  was  extremely  fond  of  eating  raw  meat.  ' 

The  animals  are  pear  shaped,  flattened  ventrally  and  slightly  indented  posteriorly  \ 
at  the  margin  of  the  posterior  sucker,  but  owing  to  the  preservative  used  they  have  | 
shrunk  considerably  and  are  now  of  a  dark  slate  color.  The  anterior  sucker  in  most  of  1 
the  specimens  is  retracted  and  lies  at  the  bottom  of  a  sulcus,  which  is  terminal  and  I 
ventral;  the  posterior  sucker  is  very  large,  its  cavity  measuring  over  1  mm.  across;  it 
is  subterminal  and  ventral.  The  genital  pore  lies  about  a  quarter  of  the  length  of  the  i 
parasite  from  the  anterior  end  and  is  rather  prominent.  The  cuticle  of  the  body  ia 
marked  with  transverse  ridges,  these  being  coarser  and  better  defined  on  the  ventral  i 
surface;  the  latter  is  flattened,  surrounded  by  an  elevated  ridge  and  bulges  posteriorly.  » 

The  worms  measure  8  mm.  long,  5  mm.  at  point  of  greatest  breadth,  this  tapering  i 
gently  anteriorly  to  2.5  mm.;  their  greatest  thickness  is  about  4  mm. 

The  genital  pore  lies  2  mm.  from  the  anterior  sucker.  The  ova  as  seen  in  th(>  uterua  i 
are  oval  and  measure  130/t  by  75/t.  It  was  found  impossible  to  clear  the  sjiecimena  i 
sufficiently  to  make  out  definitely  their  internal  anatomy,  but  the  general  arrange-  i 
ment  seems  to  be  like  that  of  the  Amphistoma  conicum  ( Zeder). 

That  these  parasites  may  have  been  the  cause  of  death  is  not  at  all  unlikely,  when  ! 
it  is  considered  that  the  larger  ])art  of  the  small  intestine  contained  a  great  numb«'r  of  j 
them  and  that  at  least  one  other  species  of  the  same  genus  causes  serious  sickness  in  the  I 
higher  animals,  namely,  the  amphistome  of  Collins  in  India,  causing  masuri,  a  condi-  ' 
tion  of  severe  intestinal  irritation  in  horses;  and  another,  the  Gastrodisrus  of  Sonsino,  i 
is  supposed  to  cause  death  in  horses  and  mules  in  Egypt,  Senegal,  and  Guadeloupe,  i 
Another  trematode  of  a  different  genus,  the  Fasciohpsis  busl-i,  inhabitating  the  small 
intestine  of  man,  has  been  credited  with  causing  intestinal  irritation  and  typhoid-liko  ; 
symptoms,  and  this  is  occasionally  followed  by  death. 

These  worms  are,  therefore,  a  new  parasite  of  man,  probably  causing  serious  intea-  j 
final  disturbance,  diarrhea,  marasmus,  and  death.  Whether  their  distribution  is  I 
limited,  which  is  likely,  remains  to  be  seen;  but  by  a  careful  examination  of  feces  j 
for  o\a,  or  adults  in  cases  of  diarrhea,  it  may  be  found  again  in  at  least  that  part  of  I 
Africa  in  which  the  patient  resided. 

It  is  not  at  all  probable  that  the  eating  of  raw  meat,  which  Hoctor  Watson  notes,  has  i 
anything  to  do  with  their  introduction  into  the  body,  as  j)arasites  of  that  genus  are,  I 
as  a  rule,  ingested  in  the  larval  or  cercarial  form,  encysted  on  .«ome  \egetable  substance,   l 

I  would  suggest  that  the  name  Amphistoma  ivatsoni  be  given  to  the  interesting  y 
parasite. 

Shipley  (1905,  3-9,  ])!.  4.  lij^s.  1-10)  pivc  the  liistory  of  tliis  tfcina-  i 
todo,  as  furnished  by  Doctor  Watson,  as  follows: 

The  patient  was  a  Pagan  who  had  come  from  Adamawa,  German  West  Africa— ono  I 
of  a  gang  of  freed  slaves  brought  to  the  resident  of  Zola,  Northern  Nigeria,  nearly  all  i 
of  whom  were  in  a  terrible  condition,  due  to  starvation. 

He  made  ii  certain  amount  of  progress  at  first,  but  <li<l  not  improve  as  tiic  otliers,  i 
and  had  constant  diarrhea.  Tlie  stools  were  watery  and  of  a  i)ilious  color,  no  blood  or  i 
mucus  in  the  same.     Ue  was  taken  into  the  hospital,  but  died  the  same  night,  and  on  \ 
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inspecting  the  stools  passed  during  the  night  numerous  reddish-yellow,  translucent, 
gelatinous,  oval  bodies  were  found. 

Post-moHem.^The  lungs  and  heart  were  normal.  Liver  normal.  The  spleen 
small,  hard,  and  black.  The  stomach  contained  some  food,  and  on  opening  the  small 
intestine  the  duodenum  and  upper  part  of  the  jejunum  were  found  full  of  the  oval 
bodies,  none  of  them  adherent,  although  they  were  alive.  The  mucous  membrane 
was  reddish,  but  no  hemorrhages  or  petechise  were  apparent.  The  rest  of  the  bowel 
was  normal,  a  few  of  the  oval  bodies  found  loose  in  the  large  intestine.  The  kidneys 
were  normal.  The  oval  bodies  have  shrunken  considerably,  and  are  only  about  a 
third  of  the  normal  size. 

These  Pagans  appear  to  be  extremely  fond  of  raw  meat,  and  eat  fowls  raw. 

As  Shipley  made  a  careful  anatomical  study  of  this  parasite,  and 
as  our  results  differ  in  some  respects  from  his,  Shipley's  account  is 
here  reproduced  for  comparison : 

II.  Anatomy. 

Alinyntanj  cana/.— There  is  no  true  sucker  at  the  anterior  end.  The  mouth  ia  a 
simple  aperture  leading  into  a  pharynx,  the  walls  of  which  form  an  almost  spherical 
bulb.  The  lumen  is  lined  with  chitin,  and  the  bulb  is  separated  from  the  general 
parenchyma  of  the  body  by  a  basement  membrane.  Between  the  basement  mem- 
brane and  the  chitinous  lining  lies  a  loose  tissue  crossed  by  numerous  muscle  fibers, 
which  mostly  run  in  a  radial  direction,  but  a  few  run  circularly. 

At  first  the  lumen  of  the  pharynx  is  compressed  from  side  to  side,  but  after  about 
30-35  sections  from  the  anterior  end  the  lumen  has  become  depressed  from  above 
downward,  and  just  here  are  found  two  short  dorsal  and  ventral  valves  projectmg  like 
tonc^ues  into  the  lumen,  only  directed  backward.     They  are  attached  anteriorly  and 
free" posteriorly.     Behind  these  valves  the  lumen  becomes  diamond-shaped,  the  long 
axis  bein-  the  transverse  one,  and  here  the  bulb  is  at  its  largest  and  occupies  a  good 
deal  of  the  area  within  the  body  wall.     Its  wall  is  also  now  divided  into  an  outer  and 
inner  layer  bv  a  well-marked  layer  of  circular  muscles.    The  inner  layer  consists 
larc'ely  of  radiating  muscle  fibers.     The  whole  bulb  lies  somewhat  freely  in  the  very 
loosely  vacuolated  parenchyma,  which  seems  to  form  a  space  around  it,  transversed 
only  by  a  few  sparse  threads  of  protoplasm. 
As  we  pass  into  the  posterior  half  of  the  bulb  the  diamond-shaped  lumen  becomes 
I  a  slit'htly  oval  slit  whose  angles  shortly  afterwards  are  turned  down,  thus  forming  a 
cresc^entic-like  space  in  cross  section.     At  the  hinder  end  of  the  bulb  these  turned- 
down  corners  are  cut  off  from  the  central  lumen  and  form  two  lateral  diverticula,  the 
pharync^eal  pouches.     The  diverticula,  although  they  have  their  origin  m  the  turned- 
down  corners  of  the  lumen,  soon  come  to  lie  dorso-lateral  of  the  central  channel,  and 
'  this  alteration  in  relative  position  is  caused  by  the  central  channel  passing  toward  the 
ventral  surface  of  the  body.     The  pharyngeal  pouches  consist  of  the  same  kind  of 
i  loose  vacuolated  tissue  as  the  bulb;  they  are  very  thick  walled  and  with  small  lumina^ 
i       Behind  the  bulb  the  lumen  of  what  may  now  be  called  the  esophagus  deepens,  and 
I  in  the  region  of  the  anterior  border  of  the  genital  pore  the  central  portion  of  the  ali- 
'   mentary  canal  is  no  longer  surrounded  by  the  characteristic  tissue  of  the  bulb,  though 
the  two  dorso-lateral  diverticula,  which  still  persist,  are.     The  lumma  of  these  diver- 
ticula then  become  slightlv  coiled  so  as  to  appear  twice  in  one  section,  and  then  each 
of  them  fades  out  and  disappears  altogether.     At  about  the  level  where  the  anterior 
'  third  of  the  bodv  joins  the  posterior  two-thirds,  the  esophagus  divides  into  the  two 
:    lateral  diverticula,  and  around  the  A-shaped  lumen  at  this  point  is  a  thick  bulb  or 
i   sheath  of  muscle  fibers  mostly  circular  in  their  arrangement,  though  some  are  radial. 
i    Around  them  is  a  laver  of  longitudinal  muscles.     The  lateral  diverticula  now  pass 
li   outward  and  begin  to  include  between  them  the  reproductive  organs.     Each  diverticu- 
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lum  is  flattened  sideways  and  has  a  considerable  dorso-ventral  axis.    They  give  off  j 

no  secondary  diverticula,  though  they  are  wavy  or  wrinkled,  especially  posteriorly,  i 

and  here  also  they  diminish  in  size,  pass  dorsally,  and  come  to  an  end  just  about  the  I 
level  of  the  anterior  lip  of  the  great  posterior  sucker. 

It  does  not  seem  possible  to  make  out  any  cells  lining  any  part  of  the  gut.     No  { 

epithelium  is  recognizable.     The  lumen  is  lined  by  a  deeply-stained  layer  which  i 

looks  like  mucus,  very  thin  in  the  pharynx,  but  quite  thick  in  the  intestinal  diverticula.  \ 

At  the  outer  surface  of  this  deeply-staining  layer,  darkly-stained  structures,  which  ■ 

may  be  nuclei,  are  here  and  there  to  be  seen.    The  whole  rests  on  a  very  definite  " 

basement  membrane,  and  outside  this  in  the  region  of  the  diverticula  is  a  single  layer  ■ 

of  longitudinal  muscles,  the  whole  recalling  in  appearance  the  structureless  lamella  J 
and  the  muscle  tails  of  the  ectoderm  cells  lying  on  it,  in  a  hydra. 

The  excretory  system. — The  excretory  pore  lies  in  the  middle  line  above  the  \ 

posterior  sucker.     It  opens  into  a  tube  lined  with  cuticle  directly  continuous  with  I 

that  which  clothes  the  body.     This  canal  is  pushed  a  little  way  out  of  the  median  line  ; 

and  lies,  in  the  single  specimen  reduced  to  sections,  a  little  to  the  left.     Its  walls  soon  ( 

thicken,  and  numerous  darkly  stained  structures  appear  in  its  periphery;  there  may  i 

be  nuclei  or  possibly  sections  through  minute  muscle  fibers.     Passing  forward  the  i 

canal  enlarges  and  forms  a  spacious  vesicle,  which  still  lies  over  the  sucker,  spreading  i 

over  its  anterior  end;  from  this  vesicle,  secondary  canals  pass  up  into  the  surrounding  ( 

tissue.     These,  however,  can  not  be  traced  farther  in  sections.     The  bladder  or  vesicle  I 

narrows  again  as  we  pass  forward,  and  by  the  time  the  anterior  edge  of  the  suc-ker  is  I 

reached   it  comes  to  lie  between  the  hindcrmost  ends  of  the  diverticula  of  the  ali-  i 

mentary  canal.    In  tront  of  this  the  main  trunk  seemed  to  divide  into  two,  but  beyond  i 

this  they  could  not  be  traced.  i 

The  parenchyma. — This  packing  or  ground  tissue  consists  of  large  cells  usually  i 

diamond-shaped  in  section.    They  are  evidently  very  soft,  and  have  been  pulled  out  : 

into  strand-like  structures  where  the  cuticle  has  been  elevated.     The  cells  contain  a  \ 

granular-looking  protoplasm.     The  cells  underlying  the  cuticle  are  much  smaller  than  i 

those  of  the  parenchyma  within;  the  details  could  not  be  made  out,  but  amongst  and  j 

between  them  are  some  obvious  muscle  fibers.     Similar  muscle  fibers  lie  outside  the  i 

gut-diverticula,  and  many  such  fibers  surround  the  outer  parts  of  the  reproductive  \ 

ducts.  ; 

The  reproductive  orcan.s. — There  is  a  genital  papilla  situated  in  the  middle  I 

ventral  line  about  the  level  where  the  anterior  quarter  joins  the  posterior  three-  ! 

quarters.     On  this  open  close  together  the  canal  of  the  cirrus  and  the  metratrema,  the  J 

vas  deferens  opening  slightly  in  front  of  the  latter.     The  whole  papilla  is  but  slightly  \ 

projecting;  its  tissue  is  closer  and  firmer  than  the  usual  body  tissue.     The  distal  end  \ 

of  the  cirrus  canal  is  muscular  for  a  short  space,  and  seems  to  have  glands  opening  ;• 

into  it,  but  it  soon  gives  a  bend  and  o])ens  into  a  thin-walled  vesicle  on  the  ventral  J 

surface,  the  vesicula  seminalis,  which  in  the  specimen  that  was  cut  into  sections  i 

contained  a  mass  of  spermatozoa.     The  genital  jiapilla  is  on  a  level  with  the  lateral  > 

(liv(>rticula  of  the  esopliagus,  but  the  vesicula  seminalis  lies  beneath  the  muscular  '^ 

l)harynx,  just  where  the  alimentary  canal  is  beginning  to  split  into  two  diverticula.  ) 

Neutral  to  it  lies  the  small  vagina  with  muscular  walls  which,  just  behind  the  level  of  i) 

the  opening  of  the  cirrus  canal  into  the  vesicula  seminalis.  expands  into  the  thin-  .| 

walled  uterus.  ,j 

The  vesicula  seminalis  opens  into  the  va.s  deferens  dorsally,  and  begins  to  pass  li 

backward  as  a  slightly  coiled,  thick-walled  duct.     This  is  still  packed  with  sperma-  ji 

tozoa.     The  tliick-walled  duct   suddenly  pas.ses  into  a  thin-walled  duct,   which  is  : 

closely  coihvl  and  still  packed  with  spermatozoa.     The  junction  of  the  two  is  at  the  \ 

level  where  the  uterus  begins  l<i  pass  dorsally;  it  continues,  however,  to  lie  ventral  ii 

to  the  coiled  thin-walled  portion  of  the  vas  defer«>ns.     The  testes  are  double,  and  ll 
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lie  «ide  by  side,  though  one  projects  farther  back  then  the  other.  They  are  ventral 
to  the  uterus,  which  for  a  short  space  lies  between  the  glands  and  their  ducts.  The 
testes  are  closely  adpressed  to  one  another,  and  it  is  just  possible  that  they  unite  at 
ane  point  They  open  straight  into  the  thin-walled  vas  deferens.  Each  testis  is 
deeply  lobulated.  The  glands  are  packed  with  sperm  morulas  in  various  stages  of 
development,   their  darkly  stained  nuclei  gi^dng  the  tissue  a  very  characteristic 

^^The'metratrema  or  distal  and  modified  end  of  the  uterus  opens  close  behind  the 
vas  deferens:  it  is  a  thick,  muscular  duct  which  passes  backward  for  a  short  distance 
in  a  '^trai'-ht  line.  Just  in  front  of  the  anterior  border  of  the  testes  it  enlarges  into 
the  uterus,  and  this  begins  to  twist  and  loop,  lying  between  the  dorsally  placed  vas 
deferens  and  the  ventrally  placed  testes.  The  uterus  contains  ova,  but  not  in  very 
great  quantities;  the  eggs  are  incased  in  a  shell  and  contain  many  deeply  staining 
yolk  -ranules  but  little  more  can  be  made  out.  My  measurements  for  an  ovum, 
which  looked  unusually  large,  were  122;z  by  80a,  but  Conyngham  gives  130/x  by  7o/i 
Undoubtedly  the  eggs  vary  in  size  to  a  certain  extent.  The  uterus  coils  a  good  deal 
over  the  testes,  and  at  the  posterior  end  of  these  glands  its  lumen  enlarges,  and  it 
becomes  filled  with  a  glairy  looking  coagulum  in  which  the  ova  lie  embedded. 

The  ovary  or  germarium  lies  close  behind  the  testes,  and  rather  to  the  right  of  the 
bodv  it  contains  minute  ova  with  large  nuclei,  closely  packed  together  in  some 
placVs  and  loosely  in  others.  The  whole,  like  the  testes,  is  ensheathed  m  a  connect- 
ing tissue  cETsinc^  The  oviduct  leads  from  the  anterior  end  and  curves  back  above  the 
ovarv^  it  becomes  almost  immediately  surrounded  by  the  shell  gland,  and  may  here 
be  called  the  ootype.  Close  behind  the  shell  gland  the  ootype  receives  the  opening 
of  the  vitelline  duct  and  the  inner  end  of  Laurer's  canal.  The  shell  gland  and  the 
ovary  come  to  an  end  at  about  the  same  level  as  the  anterior  edge  of  the  posterior 
sucker  There  is  a  well-marked  canal  of  Laurer  which  passes  almost  directly  dorsal- 
ward  and  opens  in  the  dorsal  middle  line  just  in  front  of  the  posterior  sucker.  - 

The  yolk  c^lands  are  conspicuous,  follicular  structures,  which  take  no  stain,  but 
remain  a  somewhat  dirty-bro^vn  color,  somewhat  glistening.  They  extend  forward 
as  far  as  the  reproductive  pores,  and  they  lie  near  the  edge  of  the  body,  ventral  to  the 
right  and  left  branches  of  the  alimentary  canal.  The  glands  increase  m  number 
posteriorly,  and  in  the  region  of  the  great  sucker  are  very  numerous.  Their  mmute 
ductules  fuse  together  and  gradually  unite  into  right  and  left  ducts  that  open  into 
the  ootype,  which  is  surrounded  by  the  shell  gland,  and  in  which  the  egg  is  made  up. 
Into  the  same  space  opens  the  duct  of  the  yolk  reservoir,  which  is  a  coiled  receptacle, 
full  of  yolk,  lying  to  the  left  and  opposite  the  ovary. 

III.  Systematic  Position. 

The  trematode  we  have  to  do  with  has  been  described  by  Mr.  H.  F.  Conyngham  as 
a  species  of  the  genus  Amphistoma,  which  he  calls  Amphistovia  watsoni.  Dr.  i^ . 
Fischoeder  has  recently  pointed  out  that  the  name  Amphistoma  is  in  reahty  a  synonym 
of  the  genus  Strigca,  but  the  original  Stngea  has  since  been  described  as  Holostomum 
marrocephahun,  and  if  Strigea  is  to  be  revived  it  must  be  for  that  form.  Hence, 
Doctor  Fischoeder  proposes  to  us  the  name  Paramphistomum  for  what  we  have  used  to 
term  Amphistomum,  and  the  name  Paramphistomidx  for  the  family  to  which  they 
belon-  \^-hether  we  follow  the  classification  of  Bronn's  Thierreich  or,  as  I  propose 
to  do"  the  later  classification  of  Fischoeder,  it  is  impossible  to  class  the  new  human 
•  parasite  described  above  as  an  Amphistomum,  because  that  species  is  characterized 
amongst  other  things,  by  the  absence  of  the  lateral  diverticula  of  the  pharynx,  which 
form  so  characteristic  a  feature  of  our  species.  This  fact,  however,  could  only  be 
determined  by  cutting  the  animal  into  sections,  and  therefore  escaped  the  notice  ot 
Mr.  Conyngham. 
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Fischoeder  di\'ides  the Paramphistomidas  oi  the  Mammalia  into  two  subfamilies:  (i)  '•'' 
the  Paramphistominse  with  the  genera  Paramphistomum,  Stephanopharynx,  and  Gas- 

trolhylax,  all  these  being  devoid  of  phary-ngeal  side  pouches,  and  (ii)  the  Cladorchinse  ^ 
with  the  genera  Cladorchis,   Chiorchis,  Gastrodisciis,  Homalogaster ,  and  Balanorchis. 

Of  these  genera  Cladorchis  is  characterized  by  having  the  body  not  divided  into  anterior  i  \ 

and  posterior  portions,  by  ha\-ing  the  lateral  edges  rounded,  by  having  the  ventral  sur-  ! 

face  slightly  hollowed,  and  in  all  these  respects  our  genus  agrees  with  Cladorchis,  and  j 

differs  from  the  other  members  of  the  subfamily.     I  therefore  place  it  in  this  genus,  j 

CLADORCHIS  WATSONI  (Conyngham). 

Synonym. — Amphistomum  watsoni  (Conyngham). 

Length,  8-10  mm.;  greatest  breadth,  4-5  mm.,  tapering  toward  (he  anterior  end  I 

to  about  2.5  mm.;  and  depth  about  4  mm.;  color,  when  fresh,  reddish-yellow,  when  ^ 

preserved,  a  dirty  brown;  when  fresh,  translucent  and  gelatinous;  the  ventral  sur-  i 

face  transversely  wrinkled,  the  aperture  to  the  posterior  sucker  small,  but  the  sucker  ''. 

itself  big;  no  distinct  sucker  anteriorly  but  a  well-marked  pharyngeal  bulb;  the  two  i 

pharyngeal  pouches  project  beyond  the  outer  limit  of  the  bulb;  circular  sphincter  i 

round  the  esophagus  just  where  it  forks;  distinct  genital  papilla,  testis  lobed,  divided  j 

into  two,  side  by  side,  anterior  to  ovary;  Laurer's  canal  straight,  opening  anteriorly  ' 

to  excretory  vesicle  in  middle  line  above  the  posterior  sucker;  the  latter  is  very  large  j 

and  vaulted;  the  ova  measure  from  122-130/t  by  75-80/i.  ' 

Habitat. — Homo  sapieyis,  a  West  African  negro,  jejunum   and   duodenum,  very 
few  in  the  large  intestines. 

So  far  as  we  aro  aware,  all  other  reference  to  this  species  are  based  j 

upon  the  foreg<jing  papers.  j 

EXTERNAL    t HAKACTEHS. 

'I 

Size.—  Conyn^jhain  (1904)  states  that  tlie  worms  measure  S  mm.  in  '! 

length  and  5  mm.  in  greatest  breadth,  tapering  gently  eephalad  to  , 

2.5  mm.  in  breadth,  and  4  mm.  in  greatest  thickness.  i: 

Sliiplev  (1905)    gives  the   length   as   from  S  to   10  mm.,  greatest  | 

breadth  4  to  5  mm.,  tapering   toward    tli(>  oral    cxtremily  to  about  i 

2.5  mm.,  and  4  mm.  hi  dorso-ventral  diameter.  j 

Color. — In  Watson's  c-linieal  notes  quoted  l)y  Conyngham  (1904)  s 

the   fresh   s])ecimens   are   deserilied    as   reddish-yellow,    translucent,  I 

gelatinous  bodies.     Conpigham  states  that   after  lixuig  and  in  the  'i 

preserved   state    they   become    a   dark   slate   color.     Shipley    (1905)  I 

gives  the  color  as  reddish-yellow,  translucent,  and  g(datinoiis  in  the  !j 

fresh  state  and  a  ilirty  l)rown  when  preserved.  ij 

FoRM.^Conynghaiii  describes  tliem  as  pear  shaped  ((igs.  175.  176),  | 

flattened   ventrally    and    slightly    i)ost(>rioiiy    at    the    margin    of   the  l 
]>osterior  sucker,  but    very    much   shruiikcu    fi'om    the   action   of   the 
preservative. 

Surface.— Conyngham  states  that  the  cuticle  is  marked  by  trans-  ; 

verse  ridges  which  are  more  coar.se  ami  better  delined  on  the  ventral  | 

surfac(>.     The    anterior   sucker    is    described    as    being    retracted    in  'I 

most  of   the  specimens  and   as   lying  at    the   bottom  of  a  ventro-  [; 
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Fig.  175. 


terminal  sulcus.     The  venter  is  described  as  flattened,  surrounded  by 
an  elevated  ridge  and  as  bulging  posteriorly. 

Genital  pore.— The  genital  pore  is  given  as  being  2  nun.  from  the 
anterior  sucker,  presumably  in  the  ventro-median  Ime,  or  about  one- 
fourth  of  the  length  of  the  parasite  from  the  anterior  end  and  is 
stated  to  be  rather  prominent.  Shipley  (1905)  states  that  there  is 
no  true  oral  sucker,  and  that  the  venter  is  trans- 
versely wrmkled.  Shipley  mentions  a  genitalpa- 
pilla  as  situated  m  the  midventral  Ime  about  the 
level  where  the  anterior  fourth  joins  the  poste- 
rior three-fourths. 

Acetabulum . — Conyngham  states  that  the ' '  pos- 
terior sucker  is  very  large,  its  cavity  measuring 
over  1  mm.  across;  it  is  subterminal  and  ventral." 
Shipley  describes  the  posterior  sucker  as  big,  but 
with  a  small  aperture. 

We  find  that  the  rim  of  the  acetabulum  pro- 
jects considerably  beyond  the  embrace  of  the 
body  parenchyma  in  a  maimer  very  similar  to 
that  which  obtains  in  Ps.  stanleyii  and,  as  in  the  latter,  it  forms  a 
ring  around  the  aperture,  bemg  encircled  by  a  deep,  narro\\-  groove 
(figs.  175,  189),  which  marks  it  from  the  general  surface. 

INTERNAL    ANATOMY. 

Digestive  tract. — The  oral  extremity  of  the  worm  is  marked  by 
a  dorso-ventrally  directed  groove-like  depression  which  encroaches 
slightly  on  the  ventral  surface.  By  Conyngham  this 
is  described  as  a  ventro-terminal  sulcus  and  this  is 
pictured,  though  not  mentioned,  by  Shipley  (fig.  175). 
The  surface  of  this  depression  is  beset  by  digitate  pa- 
pilla^. It  leads  by  an  irregularly  circular  aperture 
about  165/^  in  diameter  directly  into  the  oral  sucker. 
The  latter  (figs.  178,  179)  is  a  large  organ;  in  length 
it  equals  about  one-fifth  of  the  total  body  length. 
Its  maximum  transverse  and  dorso-ventral  diameters 
are  at  about  its  eciuator,  and  measured  from  sections 
are  1.2  mm.  and  1.1  mm.,  respectively.  These 
diameters  tlocrease  in  the  direction  of  both  poles,  but 
more  particularly  toward  the  oral  pole,  which  is  bluntly 
pointed.  The  decrease  in  these  diameters,  in  the  direction  of  the 
caudal  pole  or  base,  is  progressive  though  slight.  A  little  above 
the  level  of  the  base  the  decrease  in  the  transverse  diameter  ceases; 
soon  this  diameter  begins  to  expand,  this  expansion  being  due  to 
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the  extension  at  first  laterad  and  then  dorso-laterad  in  the  form  of 
pouches  of  the  sucker  from  the  region  of  its  caudo-lateral  aspect. 
The  ventro-dorsal  diameter,  however,  continues  progressively  to 
decrease,    tlie   l^ase   of   the   sucker   viewed    in   sagittal   ])lane    being 

roundotl,  tiltetl  some- 
what ventrad  and  giv- 
ing origin  to  tlie 
esophagus. 

The  pouches  are  ir- 
regularly globular  in 
form  and  as  they  ex- 
tend latero  -  cauchid 
come  to  lie  close  to 
the  dorso -lateral  as- 
])ects  of  the  first  ]H)r- 
tion  of  the  es()j)hagus. 
The  caudal  third  of 
the  sucker  and  its 
])ouch  -  like  ])rolonga- 
tions  are  in  a  well- 
marked  perisuctorial 
space  (fig.  181),  in 
whicli  they  are  re- 
tained in  position  l)y 
mesenter  ium  -  like 
strands  extencHng 
from  the  parenchyma 
])articularly  to  the 
'•'"■  '"■  dorsal  and  ventral  as- 

pects of  the  sucker.  Th(>  structure  of  tlie  suctorial  wall  differs 
somewhat  at  diUVrem  levels.  At  the  oral  ])ole  the  suctorial  wall 
consists  of  i)arenchyma-like  cells  with  some  radial,  circular,  and 
longitudinal  iiniscidar  libers  arrangiMl  beneath 
the  cuticular  lining  of  the  lumen.  Farther  cau- 
dad,  howcAcr,  these  muscular  fibers  inci'ease  in 
nuiidxM'  and  e.\ce])t  foi'  the  ladial  l)undles  are 
massed  into  a  well-deiined  iimer  zon(»  as  con- 
trasted to  an  outer  zone  of  the  ])arenchyma-like 
•  I'll  structure.  Just  above  tlie  l<'\'el  of  oi'igin 
of  the  ])ouches  the  inner  tnuscular  zone  forms 
the  greater  j)ortion  of  the  thickness  of  the  wall, 
the  cell  stiucture  of  the  outer  zone  at  the  same  time  becoming 
greatly  condensed.  The  structure  of  the  pouch  walls  shows  a  simi- 
lar innei-  relatively  narrow  muscular  zone  in  which  the  ciiculai" 
fibers    are    most    prominent .    and    an    outer   parenchyma-like    zone. 


■  Cvd,. 


Fig.  178. 


221 


Fk;.  179. 


The  lumen  of  the  sucker,  in  a  general  way,  is  a  dorso-vent rally  nar- 
row   but  transversely  a  relatively  broad  space.     Caudo-laterally  it 
extends  nito  the  caudo-lateral  prolongations  or  suctorial  pouches  ot 
the  sucker      Besides  variations  in  the  dorso-ventral  diameter  ot  the 
lumen  at  diflferent  levels,  naturally  to  be  expected  from  irregulari- 
ties in  the  degree  of  contraction  at  the  time  of  fixing,  there  are  dif- 
ferences   due     to     peculiarities     m 
form   of    the    suctorial    wall    itself. 
Beginning  at  the  oral  aperture  of 
the  sucker  the  lumen  for  some  dis- 
tance caudad  maintains  a  fairly  uni- 
form  dorso-ventral   diameter,  then 
rather   abruptly   this    becomes    de- 
cidedly increased.     This  increase  is 
due  to  a  retraction  in  the   dorsal 
and  in  the  ventral  suctorial  wall  so 
as  to  form  what    Shipley  describes 
as  "dorsal  and  ventral  valves  pro- 
iecting  like  tongues  into  the  lumen,  only  directed  backward     (hg.  1/9). 
These'' transverse  projecting  tongues  or  ridges  are  not  continuous 
laterally;  the  interval  thus  left  mcreases  to  a  correspondmg  degree 
the  dorso-ventral  diameter  of  the  lumen  at  its  lateral  angles;  the 
form  in  transverse  section  of  the  lumen  at  the  level  where  these 
ridges  are  formed  suggests  to  a  slight  extent  the  letter  H  (fig.  180). 

Almost  at   once,  however, 
the   dorso-ventrally  ex- 
panded    lumen     resulting 
from   the   retraction   of   the 
dorsal   and  the  ventral  suc- 
torial walls,  above  described, 
begins  to  contract  and  con- 
tinues   progressively   to   de- 
crease to  the  level  of  origin 
of  the  pouches.     In  this  re- 
gion    the     lumen     becomes 
very   abruptly   greatly    nar- 
rowed dorso-ventrally  by  the 
projection  upward  into  the 
lumen  from  its  dorsal  wall  of 
a  transverse  tongue-like  ridge  recalling  a  similar  structure  in  Ps.  stan- 
leyii  (fio-    179).     In  transverse  sections  the  first  portion  of  the  suc- 
torial lumen  is  a  transverse  slit,  the  second  portion  is  at  first  fusiform 
or  diamond-shaped  in  outline,  eventually  becoming  crescentic  with 
the  concavity  of  the  crescent  ventrad  (hg.  181).     By  the  projection 
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upward  of  the  tongue-like  transverse  ridge  tlie  liorns  of  the  ores- 
centic  lumen  become  partly  separated  from  the  body,  so  that  at  this 
level  the  lumen,  as  in  Ps.  stanleyii,  somewhat  suggests  the  letter  H. 
The  terminal  portion  of  the  suctorial  lumen  also  a]>pears  as  a  trans- 
verse slit  in  section. 

The  lumen  of  the  sucker  and  that  of  its  pouches  is  lined  with  a 
cuticle-like  layer;  in  the  first  portion  of  the  sucker  tlie  cuticle  is  l>eset 
with  conical  papillae  of  moderate  size. 

From  its  point  of  origin  tlie  esophagus  passes  at  first  ventro-cau dad, 
then  at  about  its  equator  it  bends  abruptly  and  sharply  dorsad  with 
a  tilt  caudad.  Viewed  ventrally  the  esophagus  is  apparently  nuich 
shorter  than  the  sucker,  but  in  sagittal  plane  it  is  at  once  se"en  that 
It  slightly  exceeds  the  length  of  the  latter.  The  esophageal  wall  is 
muscular  throughout,  but  m  the  caudal  half  the  muscular  layer  is  par- 
ticularly well  devel- 
oped, attaining  a 
maxinmm  tliickness 
of  about  67/1.  Be- 
cause of  the  obliqui- 
ty of  this  portion  of 
the  eso])]iagus  cer- 
tain of  t  he  t  rans  verse 
sections  cut  its  wall 


almost  tangentially, 
and  consequent  Iv 
the  ()l>server  is  read- 
ily misled  into  iu- 
terj)ivting  such  a 
section  iis  indicating 
Fig.  181.  anenormou.sly  tiiick 

^^^.      ,,.         ,  muscular    wall    (fig. 

1S.3)  \iewed  ventrally.  (h.-n-forc.  this  portion  of  ,h,.  ."sopluK^.s 
would  have  somewhat  tlu'  aj.pearance  of  a  n.UM-ular  hull.,  such  as 
bhi])ley  describes  and  pictures. 

The  first  half  of  t  he  esophagus  is  , I ila ted  in  t  h(>  .jorso-vent  ral  diam- 
eter but  co.npn.sse.l  from  side  to  shle.  The  (..sopha-,>aI  lumen  is 
lined  throughout  with  a  rather  thick  cuticular  laviM-. 

The  uitcstines  .sj.ru.g  from  the  lateral  aspects"  of  the  caudal  i.or- 
tion  of  the  esophagus.  At  first  th(>y  an-h  caudo-latenul.  ihev  tlu-n 
pass  du-ectly  cau.lad  in  relation  to,  though  at  some  distance  from,  the 
do,>so-lat(.ral  aspect  of  the  body.  They  terminate  by  cecal  extremi- 
ties slightly  caudad  of  the  junction  of  th<«  fourth  with  the  caudal 
fifth  of  the  body  length,  orslightly  eau.iad  of  the  plane  of  the  cephalic 
na.y.n  o  the  aeetabuhnn.  the  r,,d.t  t.d>e  exten.ling  .slightlv  farther 
caudad  han  the  left.  In  transv<.nse  sec-tion  the  eeca  appear  com- 
pressed from  side  to  s.de  uhh  j>roi>ortionately  a  greatlv  elongated 
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dorso-ventral  diameter,  the  former  bearing  a  relation  of  1  to  about 

5  of  the  latter. 

Genital  system.— With  the  exception  of  the  viteUaria  and  the 
copulatory  apparatus  the  genital  organs  are  situated  m  the  mter- 

cecal  area.  ,  p     i      i     i 

Male  organs.— The  testes  are  in  the  axial  region  ot  the  body, 
though  somewhat  nearer  the  venter  than  the  dorsum;  the  superior 
testis  is  in  the  equatorial  zone  of  the  worm,  occupying  in  this  region 
about  one-seventh  of  the  body  length;  the  inferior  or  caudal  testis 
also  occupies  about  one-seventh  of  the  body  length  in  a  zone  con- 
tiguous to  and  immediately  caudad  of  that  of  the  superior  testis. 
Both  testes  are  deeply  mdented  by  fissures  and  sulci  in  such  a  man- 
ner as  readily  to  lead  to  the  erroneous  interpretation  that  the  testes 
are  side  by  side  in  close  apposition,  particularly  as  the  caudal  aspect 
of  the  superior  and  the  cephalic  aspect  of  the  inferior  testis  are  in 
close  apposition  and  their  contiguous  lobes  marked  off  by  their  fis- 
sures and  sulci  over- 
lap slightly,  a»nd  con- 
sequently portions  of 
both  testes  a])pear  in 
certain  of  the  trans- 
verse sections  (fig. 
185). 

A    vas    efferens 

springs      from     the 

(lorso-cephalic   aspect 

ofeachtestis(fig.  184); 

then  it  passes  cephalo- 

dorsad,  that  from  the 

superior  testis  tending 

to   the  left   and  that 

from  the  inferior  to  the 

right   of    the   median 

sagittal     plane.       At 

about  the  level  of  the 

cephalic  aspect  of  the 

superior  testis  the  left 

I  vas    efferens    approaches    close    to    the    mesial   aspect  of  the   left 

intestine;     it    then    curves     inward    as    it    courses    cephalo-dorsad 

and  very  soon  enters  the  complex  of  the  coils  formed  by  the  vas 

deferens  amongst  which  it   can  not  be  followed.     The  right  vas, 

as  alreadv  stated,  passes  cephalo-dorsad  and  to  the  right  immediately 

after  its  'origin  from  the  caudal  testis.     It  skirts  the  caudal  aspect 

of  the  superior  testis,  then  after  reaching  the  right  caudo-dorsal 

aspect  of  this  testis  it  bends  and  proceeds  almost  directly  cephalad 

in  close  relation  to  the  right  dorso-lateral  aspect  of  the  superior  testis 
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until  it  reaches  a  level  a  little  short  of  that  at  which  the  left  vaa 
elFeieiis  oiifrinates,  when  it  begins  to  tilt  dorsad,  at  the  same  time 
becoming  considerably  distended  with  spermatozoa  (fig.  184). 
Shortly  beyond  this  ])omt  it  begins  to  wind  and  entei-s  the  coil- 
complex  of  the  vas  deferens,  beyond  which  jjouit  it  is  impossible  to 
trace  it  satisfactorily.  The  two  vasa  efferentia  presumably  enter 
into  the  formation  of  the  vas  deferens  and  it  would  appear,  tliough 
this  can  not  be  made  out  satisfactorily  in  this  series  of  sections,  as 
if  each,  before  their  union,  became  considerably  distended  and  coiled, 
their  coils  being  indistinguishable  from  those  of  the  fii-st  portion  of 
the  vas  deferens. 

The  vas  deferens  presents  at  first  a  thin-walled  intricately  coiled 

dilated  })ortion  or 
vesicula  seminalis. 
These  coils  are  in 
the  intercecal  space, 
elongated  from  ven- 
ter to  doi-sum  and 
dorsum  to  venter  and 
winding  cephalad; 
they  are  succeeiled 
by  a  muscular-walled 
segment  or  ])ars  mus- 
culosa.  the  wall  of 
which,  measured  nt  a 
favorable  point,  was 
about  6()/(  thick. 
This  })()rtion  is  rela- 
tively short,  un- 
coiled, though  mak- 
ing about  one  spiral 
turn  in  its  somewhat 
sinuous  course  vent  r()-cei)h;dad.  Tn  its  turn,  at  about  the  level  of  tho 
es(>|)liageal  fork,  tills  is  abrujjtly  succeeded  l)y  a  short  greatly  dilated 
portion  with  muscular  walls  intermediate  in  thickness  between  those  of 
the  vesicula  an<l  pais  musculosa.  This  i)()rtion,  which  Shijdey  inter- 
preted as  the  vesicula  seminalis  and  wiiich  corresponds  to  the  vesi- 
cula scuiinalis  intcuna  of  the  forms  with  a  cirrus  pouch,  api)ears 
houiologous  with  the  type  of  pai-s  ))rostatica  of  Uomahgnsttv  pkUi}>- 
jnnnisi.s-  and  tiuit  of  Ps.  stanlnjii,  more  i)articularly  the  latter,  in 
which  the  |)rostatic  cells  are  few,  while  in  this  {Watsoniufi  watsoni) 
sj)ecies  no  |)rostatic  cells  at  all  can  be  distinguished.  It  is  abnii)tly 
succeeded  by  a  thin  walled  duct  of  a  much  smaller  caliber  which 
with  the  terminal  portion  of  the  uterus  close  to  its  ventral  aspect  at 
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once  plunges  into  a  sharply  delimited  muscular  mesh  as  it  proceeds 
cephalo-ventrad.  This  is  relatively  long  and  eventually  opens  at  the 
vertex  of  a  genital  papilla  by  a  small  pore  separate  from  and  mime- 
diately  cephalad  of  the  opening  of  the  metraterm.  This  terminal 
portion  of  the  vas  deferens  is  homologous  with  the  ductus  ejacula- 
torius.  It  may  be  well  to  describe  at  this  point  what  may  be  desig- 
nated as  the  copulatory  apparatus. 

In  the  median  Ime  of  the  ventral  surface  at  a  point  about  one- 
fourth  the  length  of  the  worm  from  its  oral  margin  is  a  well-marked 
rino--like  elevation  or  bulging  which  encircles  a  second  more  sharply 
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defined  truncated  cone-like  bulging  measuring  about  225  ,«  from  base 
to  vertex,  about  600  /i  in  transverse  diameter  at  the  base,  and  about 
375  II  at  the  vertex.  The  vertex  of  this  second  cone-like  projection  is 
depressed  or  crateriform  and  may  perhaps  be  regarded  as  the  genital 
atrium,  from  the  dorsal  wall  of  which  the  genital  papilla  projects. 
These  structures  are  well  shown  in  surface  view  in  figure  175  and  in 
t  ransverse  sectionin  figure  182.  The  crateriform  depression  into  which 
the  genital  i)ai)illa  projects  is  beset  by  numerous  quite  small  papiUse. 
The'^form  of  the  genital  pai)illa  can  not  be  made  out  satisfactorUy; 
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one  gains  the  impression  that  it  is  a  low,  broad,  rounded  elevation.  In 
sections  it  jua}-  he  seen  that  the  internal  structure  of  the  o-enital 
bulging  is  made  up  of  a  muscular  mesh  which  is  shai-ply  delimited 
frojuthe  body  j^arenchyma  Vjy  a  well-defined  curved  (with  convexity 
dorsad)  muscular  layer  of  transverse,  railiating,  and  A'ertical  bundles. 
It  is  this  curved  limiting  layer  (somewhat  suggestive  of  a  cirrus  pouch) 
that,  as  already  mentioned,  is  pierced  by  the  ductus  ejaculatorius  and 
the  terminal  portion  of  the  uterus  or  metraterm.  The  structure  of 
this  copulatory  apparatus  suggests  the  |)rob;ibilitv  tliat  it  mav  be 
collapsible  or  retractible.     The  genital  i)apilla  is  just  caudad  of  the 

level  of  the  base  of  the 
sucker  (or  origin  of  the 
esophagus). 

Female  orga  ns. — The 
ovary  is  in  the  axial 
region  of  the  body  in 
the  intercecal  area  a 
little  neaivr  the  left 
than  the  right  intes- 
tine, caudo-dorsad  of 
tlu>  caudal  testis  and 
dors()-cej)halad  of  the 
acetabulum  and  in  a 
zone  directly  caudad 
of  and  slightly  over- 
laj)ping  the  zone  of  the 
caudal  testis  (fig.  1S6) 
sui)erioily  and  to  a 
slight  degree  overlap- 
ping the  acetabular 
zone  inferiorly  (caud- 
ally).  The  ovary  is 
dorso-v(Mit  lally  elon- 
gate, measuring  about 
Fig.  185.  \^  ,  ,  .       '7  .  , 

().()()   mm.    m   tins  and 

about  0.2.5  mm.  in  the  transvei-se  diameter.  From  its  dorsal-cephalic 
aspect  (fig.  1S(>)  the  oviduct  takes  origin.  This  passes  directly  doi-sad 
for  about  \'^()a  of  its  length  and  then  bends  caudad.  almost  inunedi- 
atelyi)enet rating  tiie  cephalic  as|)ect  of  the  sliell  gland,  at  the  same 
time  giving  ofT  Laurer's  canal.  The  latter  |)ro(eeds  dorsad  (fig.  IS?) 
withbut  a  slight  inclination  caudad  and  reaches  thedoi-sum  in  about 
the  median  line  or  only  slightly  if  at  all  to  therightof  it,  and  at  a  i)()int 
in  a  plane  marking  th(>  cauihil  limit  of  the  ovaiian  zone  and  there- 
fore only  slightly  caudad  of  that  of  the  sui)erior  limit  of  the  acetabular 
zone  (or  superior  margin  of  the  acetabidum)  (fig.  188). 


227 

The  shell  gland  is  placed  directly  dorsad  of  the  ovary;  the  caudal 
limit  of  its  zone  is  the  same  as  that  of  the  ovarium,  though  because  the 
vertical  diameter  of  the  shell  gland  is  slightly  less  than  that  of  the 
latter  the  zones  of  the  two  glands  are  not  quite  coextensive,  the  upper 
(cephalic)  limit  of  the  shell  gland  being  slightly  below  (caudad)  of  that 
of  the  ovary.  As  already  mentioned  the  oviduct  penetrates  the  ce- 
phalic aspect  of  the  shell  gland,  in  the  substance  of  which  it  unites  with 
the  coimnon  vitello-duct.    The  duct  resulting  from  this  union  at  once 
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forms  a  fusiform  dilatation,  the  ootype,  which  passes  ventrad  with  a 
slight  obliquity  to  the  right  and  caudad  in  the  majoi-  axis  of  the  shell 
gland.  The  continuation  of  the  ootype  becomes  the  utems  which 
emerges  from  the  ventral  pole  of  the  gland  (fig.  187) .  After  emerging, 
the  uterus  passes  vento-dextrad  into  the  field  between  the  ovar\'  and 
the  right  intestine,  but  doubles  back  before  it  has  quite  reached  the 
fiontal  plane  of  the  ventral  margin  of  this  intestine,  and  thus  com- 
pletes a  loop  directed  ventrad.  On  reaching  a  ])oint  to  the  right  of 
the  dorsal  pole  of  the  shell  gland  it  dips  caudad,  the  loop  thus  formeil 
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coming  into  close  relation  to  the  right  aspect  of  the  dome  of  tlie  excie-  < 

tory  vesicle.    After  forming  this  loop  the  uterus  continues  iloi-sail  until  I 

it  reaches  the  field  to  the  right  of  the  line  of  Laurer's  canal  and  iloi-so-  i 

mediad  of  the  right  intestinal  cecum,  where  it  forms  some  coils  and  i 

begins  its  ascent  cephalad,  forming  dorso- ventral  loo])s,  at  fn^t  in  the  : 

field  between  the  right  intestine  on  the  one  side  and  the  ovarv  and  i 

shell  gland  on  the  other;  later  these  loops  are  in  the  median  line  in  i 
the  intercecal  area  between  the  testes  and  the  doi-sum.     The  uterus 

winds  its  way  cephalad  in  this  field,  dorsad  of  the  testes,  until  it  i 
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r(>!i(li('s  the  1(>V(>1  of  \\\v  (imdai  aspect  of  the  viis  dcfenMis.  Wvvv  it 
tends  veiilrad  to  gain  the  ventral  asi)eet  of  tlie  vas  defeiens,  aiching 
across  the  cephahc  aspect  of  the  sui)eiior  testis.  At  the  same  time  it 
ceases  to  form  coils,  pioceeding  in  a  sinuous  l)utdir(>cl  course  ce|)halo- 
ventrad.  From  the  level  of  the  esophageal  fork  it  is  contimied  as  the 
juetiaterm,  and,  as  already  mentioned,  this  pierces  thc^  muscular  mesh 
of  the  copulalory  apjtaratus  to  o|)en  immediately  caudad  of  the 
ductus  ejaculatorius  at  th(>  veitex  of  the  genital  |)ai)illa. 

The  first  loop  formed  by  the  uterus  after  its  emergence  contains  a 
considerable  nundxT  of  \itclline  cells,  suggesting  the  idea  of  a  yolk 
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reservoir.  It  is  probably  on  this  account  that  Shipley  was  led  into 
interpreting  this  as  a  separate  structure,  to  which  he  applied  the  name 
"yolk  reservoir."  In  the  remaining  loops  a  considerable  number  of 
eggs  were  noted.  Here  and  there  in  the  coils  dorsad  of  the  testes 
there  are  masses  of  spermatozoa  in  which  some  of  the  eggs  are 
embedded. 

The  vitellogene  glands,  consisting  of  a  moderate  number  of  loosely 
aggregated,  well-developed  follicles,  are  situated  in  the  fields  between 
the  ceca  and  the  ventro-lateral  aspect  of  the  body;  that  is,  ventrad 


Fig.  188. 

and  ventro-laterad  of  the  ceca  and  ventro-laterad  of  the  upper  (ce- 
phalic) portion  of  the  acetabulum.     Longitudinally  they  extend  from 
about  the  level  of  the  esophageal  fork  to  or  slightly  caudad  of  the 
level  of  the  upper  margin  of  the  acetabular  aperture.     The  gland  of 
the  left  side  is  a  little  shorter  tlian  that  of  the  right.  A  duct  of  con- 
.   siderablc  cali])or,  distentled  with  yolk  cells,  leaves  the  gland  of  each 
i    side— that  of  the  left  at  a  ])(.im  slightly  cephalad  of  the  superior 
'    margin  of  the  ovary;  that  of  the  right  at  about  the  level  of  the  ootype. 
Tlicse  bluets,  the  t ransversc  vitello-chicts,  pass  dorso-mediad  and  more 
ur  less  caudad  ventrallv  of  the  mlestinal  ceca  to  unite  close  to  the 
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caudal  aspect  of  the  shell  gland.  From  their  point  of  union,  which  is 
not  dilated  into  a  reservoir,  a  common  vitello-duct  arises  and  passes 
very  obliquely  dorso-cephalad  and  almost  at  once  penetrates  the 
shell  gland.  The  common,  like  the  transverse  ducts,  is  distended 
with  yolk  cells  and  at  first  is  of  about  the  same  caliber  as  the  latter, 
but  as  it  enters  the  substance  of  the  shell  gland  its  caliber  becomes 
raj)idly  rechiced  in  diameter.  As  has  already  been  stated,  it  joins 
with  the  oviduct  to  form  the  ootype. 

Excretory  system. — The  excretory  vesicle  is  in  the  caudal  ])()r- 
tion  of  tlie  body,  dorso-cephalad  of  the  acetabulum.  It  is  relatively 
small;  its  dome  extends  a  short  chstance  cephalad  into  the  caudal 

j)()rti()n  of  tlic  iiitercecal 
space,  attaining  the  level 
at  which  the  vitello-ducts 
unite;  caudad  it  extends 
to  about  the  level  of  the 
uj)j)er  margin  of  the  ace- 
tabular aperture.  Here  it 
gives  off  a  thick-walled 
duct  which  passes  doi-so- 
caudad  to  open  on  the 
d  o  r s  u  m  ,  a  p  p  a  re  n  t  ly 
slightly  to  the  left  of  the 
median  line,  at  a  ])oint  in 
a  |)lane  slightly  cej)halad 
of  thatof  the  ower margin 
of  the  acetabularaperturc, 
and  therefore  at  some  con- 
siderable (Hstance  caudad 
of  the  i)ore  of  Laurer's 
canal.  The  excretory  duct  is  lined  wilha  cuticular  layer.  Excretory 
canals  lire  seen  to  enter  the  excretory  vesicle,  but  they  can  not  be 
satisfactorily  t rac(Ml. 

II.I.rSTR.VTIONS. 

Fig.  175. — Ventral  view,  X  about  4.  (After  Shipley,  19{)."),  lig.  1.) 
Fig.  176.— Profile  %new,  X  about  4.  (After  Shipley,  1«)()5,  fig.  4.) 
I*'i(;.  177. — ^'cntral  j)rojcction  (diagrammatic)  to  show  internal 
anatomy:  <1 .  < .,  ductus  cjaculatorius;  cs.,  esophagus;  ^.  <j.,  esophageal 
ganglion;  (f.  a.,  genital  atrium,  with  openings  of  ductus  ejaculatorius 
(u|)p('r  |)or(')  and  ni(^tra(erni  (lower  pore) ;  ?'.,  intestinal  ceca ;  o.  s., 
oral  sucker;  ui\,  ovary;  j>.  in.,  pars  musculosa  ;  />.  /'.,  (0  l>ars  ])ros- 
tatica;  s.  g.,  shell  gland  (dorsally  of  ovary);  s.  />.,  suctorial  pouch; 
t.,  testes;  t.  v<l.,  transverse  vitello-ducts;  vt.,  utcM'us;  v.  f.  <l.,  right 
vns  elferens;  r.  r.  s.,  left  vas  elferens;  r.  g.,  vitellaria;  i\  s.,  vesicula 
seminalis.     Enlarjred.     Oriirinal. 
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Fig.  178.— Ventral  projection  of  oral  sucker  (o.  s.),  suctorial  pouches 
is.  p.)',  and  portion  of  esophagus  (es.) .  a-a,  h-l,  c-c,  planes  of  section. 
Enlarged.     Slightly  diagrammatic.     Original. 

Pjg.  179.— Profile  projection  of  oral  sucker  (o.  s.),  suctorial  pouch 
of  left  side  (s.  'p.),  and  esophagus  (es.).  Shows  also  the  position  of 
the  genital  atrium  (g.a.).  a-a,  h-h,  c-c,  d-d,  planes  of  section. 
Slightly  diagrammatic.     Enlarged.     Original. 

Fig  180.— Transverse  section  through  plane  a-a  figs.  178  and  179. 
Shows  oral  sucker  (o.  s.) ;  H-formed  lumen  of  oral  sucker  (with 
papillae)  at  this  level.     Enlarged.     Original. 

Fig.  181.— Transverse  section  through  plane  h-h  figs.  178  and  179. 
Shows  crescentic  lumen  of  oral  sucker  (o.  s.),  with  transverse  tongue- 
hke  ridge  projecting  upward  into  it.     Shows  also  perisuctorial  space 
(p.  s.  sp.)  with  ventral  mesenterial  bana  (m.  6.) .     Enlarged.    Original. 
Fig.  182.— Transverse  section  through  plane  c-c  figs.  178  and  179. 
Shows  genital  bulging  with  genital  atrium  (g.  a.)  beset  with  papillre; 
the  genital  papilla  (g.  pap.)  with  opening  of  the  ductus  ejaculatorius; 
the  limiting  muscular  layer  of  the  copulatory  apparatus;  the  esoph- 
agus  ies.),  suctorial    pouches    (s.  p.),  and   extensions  of   the   pen- 
suctorial  space  {p.  s.  sp.)  inclosing  the  pouches.    Enlarged.    Original. 
Fig    183.— Transverse  section  through  plane  d-d  fig.  179.     Shows 
metraterm  (va.),  ductus  ejaculatorius  {d.  e.)  just  after  its  departure 
from  the  (?)  pars  prostatica  {p.  p.),wliich  contains  a  mass  of  sperma- 
tozoa (s2.) ,  and  the  esophagus  {es.)  with  its  dorsal  wall  cut  tangentially, 
giving  the  impression  of  great  thickness.     Enlarged.     Original. 
""  Fig.  184.— Transverse  section  at  level  of  origin  of  left  vas  efferens 
(v.  e.  s.).     Shows  terminal  portion  of  right  vas  efferens  (?'.  e.  d.)  dis- 
tended with  spermatozoa,  the  superior  testis  (t),  uterus  (uL),  intes- 
tines (i.),  and  vitellaria  (v.  g.).     Enlarged.     Original. 

Fig  185  —Transverse  section  through  overlapping  portions  of  the 
superior  testis  {t.  s.)  and  inferior  testis  (td.).  Also  shows  uterus 
iut),  intestine  (i.),  vitellaria  (v.  g.),  and  right  vas  efferens  (v.  e.  d.). 

Enlarged.     Original.  .        .  •  i-    • 

Yyg,  186.— Transverse  section  through  caudal  extremity  ot  interior 
testis  {t  d.).  Shows  ovary  (ov.)  witli  o\aduct  (ov.  d.),  uterus  iut), 
intestines  {%.),  and  vitellaria  (v.  g.).     Enlarged.     Original. 

■piG.  187.— Transverse  section  immediately  above  level  of  superior 
margin  of  acetabulum.  Shows  ovary  {ov.),  shell  gland  (s.  g.)  ^ylth 
ootype  and  emerging  uterus  {ut),  Laurer's  canal  (L.  c),  intestines 
{%.),  and  \dtellaria  {v.  g.).     Enlarged.     Original. 

l,^iG.  188.— Transverse  section  at  level  of  the  pore  of  Laurer  s  canal 

(L.  c).     Shows  acetabulum  {ac),  formation  of  common  vitello-duct 

(c.  vd.)  by  the  union  of  the  transverse  vitello-ducts  {t.  vd.),  loop  of 

uterus  {ut),  intestines  {{.),  and  viteUaria  {v.  g.).    Enlarged.    Original. 

13893— Bull.  60—10 1& 
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Fig.  189. — Transverse  section  at  level  of  excretory  pore  {ex.  p.). 
Shows  acetabulum  {ac.)  with  projecting  rim  of  aperture.  Enlarged. 
Original. 

PSEUDOCLADORCHIS  Daday,  1907. 

Generic  diagnosis." — Cladorchilnx  (p.  169):  Body  rather  cylindrical,  venter 
rather  convex,  dorsum  convex,  cephalic  end  rather  attenuate,  caudal  end  rounded, 
sides  rounded.  Ventral  pouch  absent.  Acetabulum  ventro-subterminal,  large;  aper- 
ture circular,  medium,  directed  slightly  ventrad.  Genital  pore  without  sucker. 
Excretory  pore  postvesicular,  in  equatorial  zone,  caudad  of  pore  of  Laurer's  canal. 
Oral  sucker  with  2  sphincters,  one  anterior,  the  other  esophageal,  and  with  paired  not 
very  well-developed  evaginations;  esophagus  springs  from  caudal  end  of  sucker  and 
is  without  muscular  thickening;  ceca  straight  or  slightly  wavy,  rather  long,  end  post- 
equatorial,  preacetabular. 

Male  organs:  Testes  2,  much  smaller  than  acetabulum,  elongate,  lobate,  fields  sejia- 
rate  or  abut,  zones  overlap  or  nearly  coincide,  preovarial,  quite  removed  from  acetab- 
ulum, never  in  caudal  third;  cirrus  pouch  present. 

Female  organs:  Ovary  and  shell  gland  posttesticular;  vitellaria  never  pretesticular, 
are  close  to  ceca  in  cecal  to  postcecal  zones,  chiefly  posttesticular,  "branched,  tree 
like;"  uterus  chiefly  in  intercecal  field,  with  tendency  to  transverse  slings,  ventral 
of  cecal  plane;  Laurer's  canal  chiefly  prevesicular,  does  not  cross  excretory  canal  or 
vesicle. 

Type  species. — P.  cijlindricus  (Dies.,  1836). 

PFENDERIUS.i'  new  genus. 

Generic  diagnosis. — Cladorchiiniv  (p.  169):  Body  rather  conical,  dorsum  convex, 
venter  slightly  convex,  cephalic  end  attenuates  gradually  but  considerably,  caudal 
end  slightly,  .sides  rounded.  Ventral  pouch  absent.  Acetabulum  terminal,  with 
projecting  margins,  relatively  large,  its  shallow  cavity  provided  with  prominent 
papilte,  aperture  large.  Genital  pore  without  sucker.  Excretorj'  pore  in  vesicular 
zone,  in  acetabular  zone,  postcecal,  caudad  of  pore  of  Laurer's  canal.  Oral  sucker 
with  one  (anterior)  sphincter,  and  with  a  pair  of  well-developed  evaginations;  e.>*oph- 
agus  springs  from  ventral  a.«pect  of  ba.se  of  sucker  and  is  without  muscular  swelling; 
ceca  wavy,  long,  end  postequatorial  in  acetabular  zone. 

Male  organs:  Testes  2,  very  much  smaller  than  acetabulum,  lobate,  fields  separate, 
zones  coincide,  considerably  removed  from  acetabulum,  ijreovarial.  ecjuatorial;  cirrus 
pouch  present. 

Female  glands:  Ovary  and  shell  gland  distinctly  and  considerably  posttesticular- 
vitellaria  in  cecal  zone,  from  bifurcation  to  end  of  ceca,  with  sparsely  scattered  small 
follicles;  uterus  intercecal,  with  marked  tendency  to  dorso-ventral  slings;  Laurer's 
canal  (Mitirely  preexcretory,  does  not  cross  excretory  canal  <>r  vesicle. 

Eggs:  ( )])('rcuiated,  rather  numerous. 

Type  f*rKciKs.—I'/cnderiits  papillatns  (i'ohUAd.  ISSlMas  represented  bvU.  S.  X.  M. 
25.54. 

II.\HIT.\T.  Colon  of  clfphanls,  India. 

PFENDEUUS  P.\PILLATrs  (Cobbold.  ISS'Ji  .Slllt-N  A.  (i.ildbrrKfr,  I'.tlO. 
[Figs.  190  10  202.] 
1882:  Amphist.  papillatiim  Cobbold,  1882a,  240-212,  figs.  10,  pl.  24,  fig.   11  (in 
FJephds  (/ir/iVj/.s-).— Braun.    18!)2a,   580,   m:\\  1893a,   874,   905;  1893d.   466  — 
Fi.schfrder,    1902a.    49    (in    Eh phas    imllcxs:    India).— Sonsino.    1895,    ISl, 
187,  figs.  4-5. 
RpEciKtc  DiAONOsi.s.— /yc/K/mj/.s  (p.  232):  Body  4.5  mm.  to  5.5  mm.  long,  2.5  to  2.75 
mm.  i)road,  1.7  mm.  thick;  pearl  tint  or  opacjue  olive  green  in  color  (alcohol  specimen); 

o  Ba^ed  on  Daday,  1907. 

''De(li(ate<l  to  Dr.  diaries  .\.  Pfcnder.  in  recognition  of  his  work  on  the  Indcx- 
<'alalogue  of  Medical  and  VeliTinary  Zoology. 
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rather  conical,  but  bent  slightly  ventrad,  greatest  diameter  between  third  and  fourth 
fourth  of  body,  attenuating  gradually  and  considerably  cephalad,  slightly  caudad; 
dorsum  convex  longitudinally  and  transversely,  venter  slightly  convex  from  side  to 
side  strai-ht  to  slightly  convex  longitudinally;  lateral  margins  curved  both  longi- 
tudinally Ind  in  transverse  plane;  transverse  section  of  body  transversely  elliptical 
to  circular.  Genital  pore  in  esophageal  zone  about  one-fourth  of  body  length  from 
oral  marc^in  Acetabulum  terminal,  with  projecting  margin,  about  1.7  mm.  m  trans- 
verse 14  mm.  in  dorso- ventral  diameter,  aperture  directed  slightly  ventrad,  1.28  by 
1  ^  mm  cavity  shallow,  surface  with  prominent  papillae  which  attain  90/i  long  by 
60«  broad  at  base.  Mouth  terminal  at  bluntly  pointed  cephalic  extremity,  with 
small  papiUte;  oral  sucker  with  2  caudal  lateral  bulbs,  and  with  a  well-defined  sphincter 
about  120  to  140/1  from  oral  margin;  perisuctorial  space  very  narrow;  esophagus  mark- 
edly curved  dorsad,  convexity  ventro-caudad ;  ceca  wavy,  extend  to  acetabular  zone, 
then  curve  slightly  cephalad  and  terminate.  Excretory  pore  about  dorso-median, 
slightly  caudad  of  preacetabular  transverse  plane;  excretory  duct  almost  transverse; 
excretory  vesicle  well  developed,  dorsal  of  cephalic  half  of  acetabulum. 

Male  organs:  Testes  equatorial,  ventral  of  ceca,  fields  separate,  zones  nearly  coin- 
cide- irrecrularly  globular,  0.4  mm.;  vasa  efferentia  rather  short,  run  dorso-cephalad, 
unite  about  on  pretesticular  plane;  vesicula  seminalis  coiled;  cirrus  pouch  pynform, 
large,  0.44  mm.  long,  greatest  diameter  0.32  to  0.34.  mm.,  muscular  Wall  0.12  mm.; 
ductus  hermaphroditicus  present. 

Female  organs:  Ovary  posttesticular,  intercecal,  preacetabular,  nearly  or  quite 
median  at  junction  of  equatorial  and  caudal  third  of  body;  shell  gland  caudo-lateral 
of  ovary-  vitellaria  with  sparsely  scattered  small  follicles,  external,  ventral,  and  to 
some  extent  dorsal  of  ceca,  in  cecal  zone  from  bifurcation  to  end  of  ceca;  uterus  forms 
dilated  dorso-ventral  slings  in  suctorial  field,  to  near  cirrus  pouch,  then  runs  more 
directly  cephalo-ventrad  to  ductus  hermaphroditicus;  Laurer's  canal  runs  dorsally  m 
curve  (convexity  caudad)  in  zone  of  shell  gland,  to  pore  slightly  dextrad  of  median 
line  about  0.5  mm.  cephalad  of  excretory  pore. 

Eggs:  Rather  numerous,  elliptical,  about  150  by  70/t,  operculated  at  one  pole  and 
bearing  short  knob  at  the  opposite  pole. 

Type.— Unknown.     Cotypes  U.S.N.M.  1721,  2554,  5777. 

Habitat.— Colon  of  elephant  {Elephas  indicus;  India). 

Source  of  material.— The  material  consists  of  7  specimens  which 
were  found  in  3  bottles,  as  follows:  5  specimens  in  bottle  No.  5777,  1 
in  bottle  No.  2554,  and  1  in  bottle  No.  1721. 

The  labels  in  these  bottles  bear  the  following  data:  "Name  Am- 
pUsto7napapillatum;  Host  ^Zf^^Tias  indicus;  Locahty  India;  Determined 
by  T.  S.  Cobbold;  Date  1882;  Presented  by  T.  S.  Cobbold;  Date,  22, 
XII,  1882."     Our  material  therefore  represents  Cobbold's  origmal 

specimens. 

Historical  review.— Cobbold  (1882a,  224,  240-242,  fig.  8,  pi. 
24,  fig.  11)  originally  described  this  species  with  the  following 
diagnosis: 

Body  of  a  bright  pink  color,  smooth,  conical,  bluntly  pointed  in  front,  liroadly 
r.nuided  off  l,ohind,  with  fine  and  regularly  disposed  transverse  rugae  forming  distinct 
riu>'s  in  the  region  .^f  the  head.  Caudal  sucker  subterminal,  very  large,  its  cup  being 
arnuHl  with  numerous  large  fungiform  papillae,  closely  set,  and  regularly  disposed  over 
Ihe  entire  surface  of  the  concavdty.  Reproductive  papiUte  placed  well  forward. 
Length,  one-sixth  t  .  one-fourth  of  an  inch.  l?readth,  one-eighth  to  one-seventh  of  an 
inch.     Hal).     l/M^ii  intestine  oi  Elephas  indicus. 
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Cobbold's  figure  11,  drawn  from  a  fresh  specimen,  shows  certain 

anatomical  details.     The  outhne  is  rather  difi'erent  from  that  of  our 

specimens.     The  position  of  the  genital  pore  agrees  fairly  weU,  though 

not  exactly,  with  its  position  in  our  material. 

The  acetabulum  and  its  aperture  are  relatively 

large.     No  indication  of  suctorial  evaginat  ions  is 

given;  the  esophagus  is  short ;  the  ceca  are  long, 

\         not  wary,  and  end  in  the  acetabular  zone.     The 

\        testes  are  figured  as  relatively  much  larger  tlian 

'       those  in  our  specimens,  and   as   having  zones 

which  overlap    slightly,  fields    wliich    coincide. 

This  latter  condition  does  not  agree  with  our 

\  material,  which  distinctly  shows  coinciding  tes- 

\  ticular  zones  and  separate  fields. 

A  ,:  Braun    (1892a,  580,  663;    1893a,    874,    905) 

'  V  '  refers  to  the  papilltie  in  the  acetabulum,  to  the 

1 1,    I  „,  short  esophagus,  and  mentions  the  worm  as  a 

parasite  in  the  colon  of  Elephas  indicus.     His 

later  reference    (1893d,  466)  merely   cites    the  worm  as  a  parasite 

of  the  elephant. 

Sonsino  (1895,  184,  187  (6,  9),  figs.  4-5)  figures  Amphist.  pairiJIahtm 
with  an  outline  so  very  distinct  from  Cobbold's  figure  that  a  (pies- 
tion  might  arise  as  to  whether  he  is  dealing  with  the  same  sj)ecies. 
Fischoeder  (1902a,  49;  1903h,  631)  adds  no  new  observations. 
In  view  of  the  position  of  the  testes,  as  figured 
by  Cobbold,  the  c[uestion  naturally  arises  as  to 
whether  we  are  dealing  with  the  same  or  with  a 
dilferentspecies.    As  our  material  represents  some 
of   Cobbold's   material,   and  as  various  authors 
have  been  misled  in  interpreting  the  relative  posi- 
tion of  the  testes,  especially  in  the  case  of  rather 
tliick  trematodes,  wo  hesitate   to  draw  the  con- 
clusion that  our  mat  erial  represents  an  undescri  1  km  I 
species.     Sjiould  more  of  Col)bol<l"s  original   iiia- 
tcrial    be    found,  or  siiould    the   Indian    elephant 
|»ro\ «'  to  harbor  another  anii)histonie  which  agrees 
with  Cobbold's   illust  lat ion,  it  will   tluMi  l)ecoine 
necessary  to  accepi  tlic  name  jxi ji'iUdlum  for  that 
form  and  to  i-ecogni/,e  (Mii'  material  as  representing  a  new  species. 


Kh;.  I'.U. 


HXrKKNAL    (1I.M{A(  TKKS. 


SiZK. — The  sj>ecimens,  measured  in  alcohol,  varied  in  length  be- 
tween 4.5  and  5.5  mm.  and  in  greatest  width  between  2.5  and  2.75 
juni.     They  were,  however,  more  or  less  shrunken  and  had  evident Iv 


235 


Fii;.  191!. 


236 


237 


undergone  some  distortion,  so   that   these  measurements   must   be 
regarded  only  as  approximations  to  the  original. 

After  sectioning,  one  of  the  specimens  measured  4.14  mm.  m  length, 
2   mm.    in   greatest  transverse,    and    1.70  mm.  in   greatest   dorso- 

ventral  diameter.  . 

Color  —Five  of  the  specimens  were  of  a  pearl  tmt.  1  hese  were 
shghtly  translucent,  enabUng  the  observer  to  determine  the  position 
oHhe  testes.  The  remaining  two  specimens  were  of  an  opaque  olive- 
green  color.  1     •       1      1         1 

Form.— As  has  been  stated,  the  specimens  were  obviously  shrunken 

and  variously  distorted. 

One  of  them,  however,  had  undergone  these  changes  to  so  shght  a 
degree  as  to  serve  fairly  well  for  the  purpose  of  this  description. 

This  worm  (shown  in  figs.  190,  191) 
appeared  somewhat  conical  in  form, 
but  bent  shghtly  ventrad.  Its  great- 
est width  was  at  the  junction  of  the 
tliird  with  the  terminal  fourth  of  the 
body  length. 

From  this  region  the  body  tapers  in 
both  directions;  gradually  and  con- 
siderably toward  the  bluntly  pointed 
oral  extremity,  shghtly  in  the  direc- 
tion of  the  caudal  extremity.  The 
dorsum  is  arched  both  longitudinally 
and  transversely;  the  venter  is  shghtly  convex  from  side  to  side, 
but  straight  or  shghtly  concave  in  a  longitudinal  direction.  The 
lateral  margins  are  curved  shghtly  both  longitudinally  and  in  a 
transverse  plane.  In  transverse  section  the  outhne  of  the  body  is 
transversely  elhptical  to  circular. 

Surface.— The  surface  cuticle  is  without  spines  or  scales.  It  is 
marked,  however,  by  fine  transverse  striations.  The  bluntly  pointed, 
attenuated  extremity  presents  the  oral  aperture,  which  is  encircled  by 
a  narrow  ridge  marked  off  from  the  surface  by  a  narrow,  fairly  deep 
groove  (fig.  194).  Concentric  with  this  and  about  equally  spaced 
there  are  observed  four  shallow  grooves  (fig.  194). 

Genital  pore.— In  the  median  longitudinal  line  of  the  venter,  about 
one-fourth  of  the  bodv  length  from  the  oral  margin,  there  appears  a 
shcrht,  globular  bulging  of  relatively  small  diameter,  wliich  presents  the 
aperture  of  the  genital  pore.  Tliis  pore  leads  into  an  elongate  irregu- 
larly cyhndrical  chamber  about  0.28  mm.  long,  from  the  fundus  of 
wliich  there  arises  a  papiUa,  about  105/z  in  height  and  about  120/t  m 
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diameter  at  the  base,  wliich  almost  fills  the  correspondino;  portion  of 
the  lumen  of  tliis  chamber.  At  the  vertex  of  tliis  (genital)  papilla  is 
the  porus  hermaphroditicus. 

At  the  caudal  extremity,  encircHng  the  aperture  of  the  acetabulum 
and  at  a  distance  of  about  0.20  mm.  therefrom,  there  is  a  shallow  cir- 
cular groove.  This  groove  marks  the  region  at  wliich  the  acetabidura 
emerges  from  the  embrace  of  the  caudal  portion  of  the  body  of  the 
worm.  The  jjortion  of  the  caudal  extremity  of  the  worm  between  tliis 
groove  and  the  margin  of  the  acetabular  aperture,  and  having  some- 
what the  api)oaranc(>  of  :i  collar,  is  formed  by  the  projecting  portion 
of  the  acetabulum. 

Acetabulum. — Tlic  acetabulum  occupies  the  caudal  extremity  of  the 
body,  and,  as  ali-eady  desci-ihed,  a  poitioii  emei-ges  at  the  surface  at  the 


Fig.  10."). 


caudal  extreniily  of  the  woiin  and  forms  a.  well-deliiKMl  rim  around  the  ;l 

crateriform  cavity,  somewhat  as  in  I's.  Nt(ni](i/ii,\m{  without  the  deep  \ 

narrow  groove  of  the  latter  to  mark  it  olf.     Measured  fioni  a  recon-  j 

struction  of  a.  seclioned  s|)ecimen  the  acetahulnm  was  about    1 .70  mm.  jj 

in  greatest  transverse  and  1.40  nun.  in  greatest  dorso-vent ral  dianie-  ji 

ter,  with  an  a|)erture  1 .2S  nun.  in  greatest  tra.nsv(>rse  and  1.20  nun.  i; 

in  gi-ealesi    dors(»-\('iil  ral   diameter.      The  cavity  of  the   acelabulum  j 

is  shallow,  an.l  this  surfiu-e  is  besiM  hy  teat-lik(>  jiajjilhe,  some  of  which,  i 

in  sections,  measured  <)()/(  in  height  and  iWu  in  diameter  at  the  base.  ! 
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INTERNAL    ANATOMY. 

Digestive  tract.— The  bluntly-pointed  cephalic  extremity  of  the 
worm  is  pierced  by  the  oral  aperture.     This  aperture  is  transversely 
elliptical,  and  its  margins  are  beset  by  small  conical  papilltB  (fig.  194). 
This  aperture  leads  directly  into  the  oral  sucker,  a  relatively  large 
muscular    apparatus     (figs.    192,    193,    196,    197).      The   caudo-lat- 
eral  aspects  of  the  sucker  are  prolonged  somewhat  caudad  ot  the 
transverse  plane  of  its  base  into  the  forms  of  lateral  bulbs.     Measured 
from  a  reconstruction  of  one  sectioned  specimen,  its  greatest  longi- 
tudinal axis  was  0.64  mm.,  the  greatest  dorso-ventral  diameter  about 
0  52  mm.,  and  the  greatest  transverse  diameter  0.78  mm.     Measure- 
ments from  sagittal  sections  of  another  specimen  gave  0.66  mm.  for 
the  greatest  longitudinal  axis,  0.70  mm.  for  the  greatest  dorso-ventral, 
and^  about   0.72    mm.    for    the   greatest   transverse   diameter.     The 
bulbs  measured  from  the 
reconstruction  were  about 
0.40  mm.  in  greatest  dorso- 
ventral  and  0.30  to  0.34 
mm.  in  greatest  transverse 
diameter     and     extended 
about   60/(  caudad  of  the 
base  of  the  sucker. 

The  body  of  the  sucker 
appears  to  be  inclosed  in 
a  very  narrow  space  (fig. 
196)  and  appears  to  be  re- 
tained in  its   position  by 
attachments   at    its    poles 
and  by  dorso-ventral  mes- 
entcrium-like  and  muscu- 
lar bands.     The  long  axis  of   the  sucker    coincides  w^th 
axis  of  the  body   of  the  worm.     In  median  sagittal  section    the 
sucker  has  something  of  an  oval  outline  w4th  the  blunt  end  of  the 
oval  corresponding  to  the  base.     About   120/.  to   140/.  caudad  o 
the  oral  margm  there  is  observed  in  the  muscular  wall  a  well-defined 
sphincter-like  muscular  bundle  measuring  about  100/.  in  thickness. 
Caudad  of  this  sphincter  the  muscle  walls  maintain  a  substantially 
uniform  thickness  throughout  up  to  the  point  of  formation  of  the 
canal  leading  into  the  esophagus.     Cephalad  of  the  sphmcter,  how- 
ever   the  thickness  of  the  walls  becomes  progressively  and  rapidls 
less,  so  that  the  muscular  rim  forming  the  oral  aperture  as  it  projects 
on  t]ie  surface  is  relatively  thin  and  sharp  (lig.  196). 


Fig.  196. 
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In  transverse  section  the  outline  of  the  sucker  is  that  of  a  hhint 
ellipse  with  its  major  axis  in  the  transverse  diameter  of  this  region 
of  the  worm.  Studied  in  median  sagittal  section,  the  base  of  the 
sucker  appears  slightly  beveled  at  the  expense  of  its  ventral  aspect, 
from  which  region  the  esophagus  is  seen  to  take  its  departure.  On 
each  side  of  and  closely  embracing  this  portion  of  the  esophagus 
the  caudo-lateral  projections  of  the  sucker  or  suctorial  bulbs  may 
1)0  seen. 

In  form  these  bulbs  are  irregularly  globular.  Their  walls, 
considerably  thinner  than  those  of  the  body  of  the  sucker,  are  of 
relatively  loose  muscular  mesh-like  structure.  The  lumen  of  the 
sucker  is  a  transversely  wide,  dorso-ventrally  narrow  space;  it  is 

I 
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•  lircclly  continuous   with   th(>   irregular   mikI    vnriiiblc    Iuukmi   of   the 
l>ull)s.     Both  nvv  lined  by  a  thin  cuticle-like  layer. 

The  esopluigus,  as  already  described,  takes  its  (h'parture  from  the 
ventral  aspect  of  the  base  of  the  sucker.  It  passes  at  first  caudad, 
describing  a  slight  curve  in  its  course  with  its  convexity  ventrad, 
then  turns  almost  direct  ly  dorsad,  and  having  reach(>d  a  point  about 
(uie-fourlh  the  body  length  from  th(>  oral  margin  and  ahoui  one- 
f">""'l>  Ihe  (htrso-ventral  diain(>ter  of  the  worm  in  this  zone 
from  the  dorsum  {\\o  esoj)hagus  curves  directly  caudad  and  almost 
imme(hately  forks  into  two  lateral  intestinal  tubes.  This  fork  is 
shghtly  (jHKhul  of  the  g(>nital  pore.  The  intestinal  tubes  from  their 
point  of  origin  pass  at  first  lat(>ro-eau(lad  th<>n  in  dorso-ventrally 
wavy  eoiu-se  eaudad,      'I'hey   finally   terminat'>  i)y  bending  abruptly 
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ventro-cephalad  in  a  hook-like  form  at  a  point  in  a  transverse  plane 
slio-htly  caudad  of  that  of  the  cephalic  margm  of  the  acetabulum. 

As  in  the  other  species  of  this  group,  the  esophagus  is  mclosed  in 
a  well-marked  layer  of  cells.  The  lumen  of  the  esophagus  is  lined 
by  a  cuticle-like  layer,  which  ceases  abruptly  at  the  tork.  ihe 
intestines  are  lined  by  an  epithelial  cell  layer. 

Genital  SYSTEM.-With  the  exception  of  the  vitellogene  glands 
and  the  testes  the  genital  organs  are  situated  in  the  mtercecal  area. 

Male  orr/a77S.— The  testes  are  situated  in  the  equatorial  zone  on 
each  side  ^of  the  median  sagittal  plane  and  ventrad  of  the  corre- 
spondincr  intestine.  They  are  kregularly  globular  in  form,  measuring 
about  0^40  mm.  in  diameter,  but  with  their  vertical  diameter  a 
little  loncrer  than  either  the  transverse  or  dorso-ventral.     From  their 
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dorsal  aspects,  slightly  above  their  equator,  there  emerges  from  each 
a  vas  efferens.  These  pass  in  a  curved  course  dorso-cephalad  and 
toward  the  median  line  to  unite  at  about  the  level  of  the  cephalic 
margins  of  the  testes  to  form  the  vas  deferens.  The  vas  deferens 
consists  first  of  a  thin-walled,  dilated,  complexly  coiled  vesicle  This 
terminates  abruptly  in  a  short  narrow  duct,  which  pierces  the  very 
thick  walled  cirrus  pouch  and  is  continued  withm  the  latter  and 
almost  fdls  its  lumen  as  a  thin-wahod  duct  (vesicula  seminahs  interna) 
to  the  cirrus;  in  a  series  of  sagittal  sections  the  cutus  is  distinctly 
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seen  in  an  invaginated  condition,  but  with  its  terminal  (distj_ 
portion  pointed  outward  (not  invaginated) ;  the  canal  formed  by  J 
the  invaginated  portion  unites  distally  with  the  metraterm  to  form  1 
a  genital  cloaca  apparently  representing  a  ductus  hermaphroditicus,  : 
which  opens  on  the  apex  of  the  genital  papilla.  The  curus  j)()uch  < 
is  du-ected  obliquely  ventro-cephalad ;  in  form  it  suggests  tiiat  of 
an  Indian  club.  Its  walls  become  gradually  less  thick,  this  reduction  i 
taking  place  mainly  at  the  expense  of  the  (internal  or)  longitudinal  i 
layer,  and  its  diameter  becomes  progressively  reduced  as  it  })asses  -i 
ventro-cephalad.  Its  greatest  diameter,  measured  in  sections,  varied  i 
in  two  specimens  from  0.32  mm.  to  0.34  mm.,  with  a  thickness  of 
wall  of  0.12  mm.  In  length  it  measured  about  0.44  mm.  The  ! 
ductus  hermapliroditicus,  formed  as  already  described,  pierces  the  i 
axial  region  of  the  genital  papilla,  on  the  vertex  of  wlucli  it  opens  i 
as  the  porus  hermaph- 
roditicus. The  pres- 
ence of  a  distinct  pars 
prostatica  can  not  be 
definitely  asserted,  but 
in  two  places  (within  at 
the  distal  end  of  the 
cirrus  pouch, and  with- 
out at  the  ])roxinial 
end)  are  groups  of 
nuclei  wliicli  may  come 
into  consideration  in 
this  connection  if  wcH- 
preserved  material  can 
be  o])tiiin(>(l. 

The  wnllof  thecliiun-  Fig.  m.  j 

ber  surrounding  tlie  genital  i)a])illa  is  ])rovided  with  a  well-develoj)ed  i 
niusch'-couiplex.  suggestive  of  the  genital  suckertigured  by  Fisch(rder  i 
for  several  species  of  rA/r/oycA/.v,  l)ul  the  muscles  are  not  arranged,! 
in  so  distinctly  acetabular-like  maimer  as  Fischo'der  iigures  for  the' ^ 
speci(>s  he  discuss(>s;  it  thereh.re  can  not  be  stated  that  Pfduhnus  1 
j)(ij)i//(i/iis  possesses  a    true  genital  sucker.  'i 

I'liniih  on/tiiis.  The  ovary  lies  in  about  the  median  line  of  the  Ixxlv  i 
somewhat  nearer  I  he  dorsum  than  the  venter.  ])ost  tesliculai-  in  a  I 
])lane  a  liltl(>  ahoxc  that  of  the  (•ej>halic  margin  of  the  acciahuhini  j 
that  is,  about  at  the  juncti.)n  of  the  middle  with  the  caudal  thir«l  I 
of  thehody.  The  oviduct  emerges  from  t  he  dorsal  aspect  of  theovarv,  i 
pa,s.scs  at  first  direci  ly  doi-sad,  t  hen  curves  caudad  toward  the  dorsal  : 
iisp.M-t  of  the  shell  gland  (lig.  201).  The  shell  gland  lies  clos(>  to  i 
the   righl    caudo-lateral  aspect  of  the  ovary  and  just   at    about    the    i 
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level  of  the  cephalic  margin  of  the  acetabulum.  On  its  dorso-caudal 
aspect  it  is  penetrated  by  the  oviduct  and  on  its  caudal  aspect  by 
the  vitello-duct.  These  ducts  unite  to  form  the  ootype,  the  con- 
tinuation of  which  pierces  the  surface  of  the  gland  and  emerges  from 
its  ventro-cephalic  aspect  as  the  uterus.  The  uterus,  immediately 
after  its  emergence  from  the  shell  gland,  describes  numerous  compact 
coils  in  front  of  and  to  the  right  of  the  shell  gland,  and  then,  as  it 
proceeds  cephalad,  to  the  front  (ventrad  of)  and  to  the  right  of  the 
ovary.  Beyond  this  point  it  forms  some  dorso-ventral  coils  in  the 
space  between  the  ceca.  These  coils  are  dilated  and  filled  with  eggs. 
The  uterus  then  continues  in  the  axial  region  of  the  body  m  a  more 
direct  course  cephalad.  Part  of  its  course  is  through  the  space 
between  the  caudal  portions  of  the  testes,  tilting  later  nearer  the 
dorsum  of  the  body  to  enter  the  interspace  between  the  intestines, 
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Fig.  200. 


then  it  passes  beneath  the  arch  of  union  of  the  vasa  efferentia  to 
gain  the  ventral  aspect  of  the  cu-rus  pouch.  In  the  remainder  of 
its  course  it  maintains  this  relation  to  the  male  duct  forming  but 
few  coils,  and  terminates  by  uniting  ^^•ith  the  male  duct  to  form 
the  ductus  hermaphroditicus. 

Laurer's  canal  takes  its  departure  from  the  oviduct  at  a  point 
close  to  the  dorsal  aspect  of  the  shell  gland.  It  then  passes  dorsad 
describing  a  curve  in  its  course  \viih.  its  convexity  caudad  and  opens 
on  the  dorsum  somewhat  to  the  right  of  the  median  line  about 
0.54  mm.  cephalad  of  the  excretory  pore  in  a  transverse  plane  slightly 
al)ove  that  of  the  cephalic  margin  of  the  acetabulum. 
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The  vitellogene  glands  consist  of  sparsely  scattered  insignificant 
follicles,  irregular!}'  grouped  to  the  external,  ventral,  and  to  s(nue 
extent  dorsal  aspect  of  each  of  the  intestinal  ceca.  Longitudinally 
they  extend  from  about  the  level  of  the  esophageal  fork  to  the  level 
of  the  cecal  ends  of  the  intestines.  From  each  of  the  glands  a  duct 
passes  more  or  less  transversely  inward  ventrally  of  the  intestines 
to  unite  near  the  ventro-caudal  aspect  of  the  shell  gland.  PVom 
their  point  of  union  a  duct  passes  dorsad,  skirting  the  caudal  a.spect 
of  the  shell  gland  which  it  penetrates  and  in  the  substance  of  wliich 
it  unites  with  the  oviduct  as  already  described. 

E(i(js. — Eggs  were  observed  crowded  together  in  some  of  the 
proximal  coils  of  tlie  uterus.     They  appeared  to  be  elliptical  in  form, 


and  2  wliich  appeared  to  luiv(>  been  sectioned   in  a  favoral)le  plane,  ' 

measured    (>ach   \'^)n  by  75/<  in  diameter.     One  end  is  operculated,  | 

and  ihe  opposite  pole  bears  a  short   nia niiiiillale  knoh.  'i 

KxcRKToHY    SYSTEM.— The    cxcrctory   syst(>m    is    well    dev(>lo|)ed.  1 

An  excretory  vesicle  of  nioderate  size  is  situat(>d  dorsad  of  the  dome  j 

of   ihe   acetahulum.      Krom    its  dorsal   aspect    a,   little  caudad   of  its  \ 

e(|ualor    a    duct    originates    and    passing    directly    dorsad    opens    in  I 

about  the  median  line  of  the  dorsum  shghtly  caudad  of  the  plane  of  | 

the  cephalic  margin  of  the  acelahuhir  ajx-rture  and  ahout  (>..")  I  mm.  j 

caudad   of  the  aperture  of   Laurer's  canal.     This  excretory   duct    is  i 
about  ll.Jt  nun.  in  lcn<Mh. 

I 


I 
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ILLUSTRATIONS. 


Fig.  190. — ^Ventral  view.     Enlarged.     Original. 

Fig.  191. — Profile  view  of  same.     Enlarged.     Original. 

Fig.  192. — Ventral  projection  to  sfiow  internal  anatomy,  a-a,  h-h, 
c-c,  d-d,  e-e,  f-f,  planes  of  section;  ac,  acetabulum;  c.  p.,  cirrus 
pouch;  es.,  esophagus;  i.,  intestine;  ov.,  ovary;  o.  s.,  oral  sucker;  s.  p., 
suctorial  pouch;  s.  sph.,  suctorial  sphincter;  s.  g.,  shell  gland;  t,  testes; 
ut,  uterus;  v.  e.,  vasa  efferentia.  SHghtly  cUagrammatic.  Enlarged. 
Original. 

Fig.  193.— Profile  projection  of  same,  a-a,  h-h,  c-c,  d-d,  e-e,  f-f, 
planes  of  section,  ac,  acetabulum;  g.  p.,  genital  pore;  c.  p.,  cirrus 
pouch;  es.,  esophagus;  ex.  p.,  excretory  pore;  ex.  v.,  excretory  vesicle; 
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Fig.  202. 


%.,  intestine;  L.  c,  Laurer's  canal;  ov.,  ovary;  ov.  d.,  o^^duct;  a.  s.,  oral 
sucker;  s.  p.,  suctorial  pouch;  s.  sph.,  suctorial  sphincter;  s.  g.,  shell 
gland ;  t,  testes ;  ut.,  uterus ;  v.e.,  vas  efferens ;  v.  s.,  vesicula  seminalis. 
Sliglitly  (Uagrammatic.     Enlarged.     Original. 

Fig.  194. — Oral  extremity  seen  from  above  and  in  front  to  show 
concentric  grooves  (sHghtly  exaggerated)  around  oral  aperture. 
Compare  fig.  196.     Enlarged.     Original. 

Fig.  195.— Sagittal  section  through  cirrus  pouch  (c.  p.).  Shows 
also  the  vesicula  seminalis  interna  {v.  s.i.),  the  small  cirrus  (c),  the 
ductus  hermaphroditicus  ((/.  //.),  the  genital  i>apilla    (g.  pap.),  the 
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metraterm  (va.),  the  uterus  (ut.),  a  loop  of  the  vesicula  seminalis  i 

externa  (v.  s.),  some  loops  of  the  uterus  (ut.),  and  a  section  of  the  I 

intestine  (i.).    Slightly  diagrammatic.     Enlarged.     Original.  | 

Fig.  196. — Sagittal  section  through  oral  extremity.    Shows  the  oral  j 

sucker  (o.  s.),  the  suctorial  sphincter  (s.  sph.),  the  mouth  (m.),  and  the  j 

perisuctorial  space  (p.  s.  sp.).     Enlarged.     Original.  ) 

Fig.  197. — Transverse  section  at  a-a  figs.  192  and  193.     Shows  oral 
sucker  (o.  s.)  and  perisuctorial  space  (p.s.sp.).    Enlarged.    Original. 

Fig.  198. — Transverse  section  at  b-h  figs.  192  and  19.3.     Shows  oral 
sucker  (o.s.),  the  suctorial  pouches  {s.  p.),entvanve  to  the  esophagus 

(es.),  and  the  perisuctorial  space  (p.  s.  sp.).     Enlarged.     Original.  ' 

Fig.  199. — Transverse  section  at  c-c  figs.  192  and  193.  Shows  the  i 
thick  muscular  cirrus  pouch  (r.  p.),  vesicula  seminalis  interna  (r.  s.  ?.), 

the    intestines    (i),  uterus    (ut),  and    vitellaria    (r.  g.).     Enlarged.  | 

Original.  j 

Fig.  200. — Transverse  section  at  d-d  figs.  192  and  193.     Shows  the^  i 

testes  (t.)  and  their  relation  to  the  intestinal  ceca  (?'.)  at  this  level,  . 
the  uterus  (ut.),  and  vitellaria  (v.  f/.).     Enlarged.     Original. 

Fig.  201. — Transverse  section  at  e-e  figs.    192   and    193.     Shows  ] 

cautlal  portion  of  ovary  (ov.),  cephafic  portion  of  shell  gland  (.s.  (j.),  | 

the  oviduct   (ov.  d.),  Laurer's  canal  (L.  c),  some  uterine  coils   ('//.),  , 

intestinal  ceca  (i.),  vitellaria  (v.  (j.).     Enlarged.     Oiiginal.  I 

Fig.  202. — Transverse  section  at/y  ligs.  192  and  193.     Shows  ex-  | 

cretorv  vesicle  {ex.  v.)  and   pore  (r.r.  p.)  and  ac(>tahulum  {ac),  with  ! 

some  of  its  |)apill:e  {av.  pap.).     Enlarged.     Original.  \ 

Ocnus  MICRORCHIS  Daday,  1907.  j 

Genekic  diac.no.sis."  -('Iddorcltiin.i  (p.  l(i!)):  Body  elongate,  venter  ((nicave,  dor-  1 
Hiun  convex,  gnidiuilly  attenuate  from  acetabulum  to  mouth,  raudal  end  rounded  (on  j 
ventral  view),  tildes  rounded.  Ventral  jwueh  ab.sent.  Acetabulum  lar;;e.  tiTminal,  I 
aperture  medium,  directed  ventrad.  Genital  pore  irithnut  sucker.  Excretory  pore  1 
preve.«icular,  equalorUil,  very  clo.*e  to  and  at  left  of  pore  of  Laurer's  canal.  Oral  sucker  ] 
with  well-deveiopi'd  ^^phin(•ter  and  with  ])air  of  evairinations;  esoplKUiiis  .<fi>rings  ren,'  I 
trdlh/  from  oral  sucker,  cephalad  of  evajxinatiuns,  and  lias  a  disinJ  muscular  tliickening,  ,j 
ceca  i-traijiht,  long,  end  far  postovarial,  but  preacetal)ular. 

Mdle  ()r<j(ins:  Testes  2,  very  niucli  smaller  than  acetabidum,  unbranched,  somewhat  i 
irregular  in  outline,  fields  ai>parently  (ncrlaji,  zones  separate,  preosarial.  i)ree(|natorial,  I 
far  removed  from  acetabulum,  intercecal;  cirrus  pouch  present.  ' 

Feiimle  orfjans:  Ovary  and  shell  gland  preequatorial,  at  equator  of  viti-llaria.  post-  I 
testicular;  vitellaria  near  ceca,  equatorial,  nearly  one-third  as  long  a.s  body,  "branched,  '; 
tree-like;"  Laurer's  canal  prevesicular. 

Type.  —  .1/.  mr(/nco/(//(  (Diesing,  183<)). 

I 

Cuiuis  CHIOPCHIS  l-lsthivilir,  IWI. 

■i 

Generic  ihaunosis.''     ('lii(/orchiin:i  {p.  Kif)):  Body  straight,  venter  flat,  dorstim  con-  \ 

vex,  ce])halic  end  attenuate,  caudal  eiul  rounded,  sides  sharj),  not  divided  by  con-  i 

siriction.     Ventral  i)ouch  alisent.     Acetabulum  distinctly  ventral,  relatively  small,  I 

extends  beyoiul  surface,  margin  raised,  aperture  large.     (Jenital  jMire  without  sucker,  j 

"Ba.sed  on  Daday,  1!>U7.  >>  IJiused  on  Fischoeder,  1903h.  I 
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ductus  hermaphroditicus  present.  Excretory  pore  prevesicular,  preacetabular, 
caudad  of  Laurer's  canal.  Oral  sucker  with  paired  evaginations;  esophagus  with  pro- 
nounced distal  muscular  thickening;  ceca  nearly  straight,  end  postequatonal,  post- 

testicular.  ,       •.,    <  i  ,       c 

Male  organs:  Testes  2,  slightly  smaller  than  acetabulum,  each  with  4  lobes  forming 
cross  on  ventral  view,  fields  coincide,  zones  separate,  preovarial,  in  equatorial  and 
caudal  thirds;  musculosa  not  enormous;  cirrus  pouch  present. 

FemMe  organs:  Ovary  and  shell  gland  posttesticular;  vitellaria  in  extracecal 
and  cecal  areas,  extend  through  part  of  esophageal  and  entire  cecal  zones,  close  to 
ceca;  uterus  intercecal;  Laurer's  canal,  chiefly  prevesicular,  does  not  cross  excretory 
vesicle  or  canal.  . 

Type. — Cfahawus  (Diesing,  1838). 

Habitat.— Small  and  large  intestines  of  marine  mammals. 

Qenus  BALANORCHISo  Fischoeder,  1901. 

Generic  diagnosis.— rkr/orc/jiina?  (p.  169):  Body  small,  rather  conical,  venter 
slightly  concave,  dorsum  convex,  cephalic  end  attenuate,  caudal  end  slightly  attenuate 
bul  rounded,  transverse  section  circular.  Ventral  pouch  absent.  Acetabulum  small, 
terminal,  not  sunken,  margin  (?),  aperture  relatively  large.  Genital  pore  with  mus- 
cular ring;  no  ductus  hermaphroditicus.  Excretory  pore  postvesicular,  posttesticular, 
apparently  near  cephalic  margin  of  acetabular  zone,  caudad  of  pore  of  Laurer's  canal. 
Oral  sucker  with  paired  evaginations;  esophagus  without  muscular  thickening; 
ceca  long,  slightly  wavy,  end  postequatorial,  in  or  near  acetabular  zone.     Genital 

papilla  absent. 

Male,  organs:  Testes  2,  larger  than  acetabulum,  elongate-elliptical,  fields  separate, 
zones  nearly  coincide,  chiefiy  postovarial,  postequatorial,  close  to  acetabulum,  cirrus 

pouch  present.  . 

Female  organs:  Ovary  and  shell  gland  in  cephalic  half  of  testicular  zone;  vitellaria 
S-shaped,  following  ceca,  extend  through  nearly  entire  cecal  zone,  follicles  united 
in  globular  groups;  uterus  slightly  developed,  intercecal,  almost  entirely  pretesticular, 
not  posttesticular;  metraterm  opens  on  caudal  margin  of  pore,  caudad  of  cirrus  pouch. 

Type.— B.  anastrophus  Fischoeder,  1901. 
I       Habitat.— First  stomach  of  Cervidae,  Brazil. 

'  Subfamily  DIPLODISCIN^  Cohn,  1904. 

Subfamily  diag^^osis  b^Paramphistomidse  (p.  60):  [The  characters  of  this  sub- 
l  family  are  still  in  some  doubt.  If  the  excretory  system  of  Diplodiscus  is  characteristic 
j   for  the  entire  group,  that  would  make  an  excellent  subfamily  character.] 

Key  to  Genera  of  Diplodiscin^. 

'    Acetabulum  round,  opens  caudad,  with  central  excavation;  2  testes  in  young,  coalesce 
I        in  adult;  genital  pore  near  mouth;  esophagus  long,  straight,  with  muscular  thick- 
ening ("pharynx")  at  bifurcation;  excretory  canals  with  dark  concretions. 

Diplodiscus,  p.  248. 


a  Based  on  Fischoeder,  1903h. 

b  Original  rfM/,7nosi.s.— Ami)histomiden  von  gedrungener,  konischer  Form  und  runden 
Querschnitt.  Mundsaugnapf  gut  ausgebildet,  mit  2  retrodorsalen  Taschen.  Ein 
grosser  Endsaugnapf,  ueber  wclchcm  dorsal  dor  Exkretionsporus  liegt.  Mundceffiing 
terminal,  Darmschenkel  bis  zum  Endsaugnapf  reichond,  relativ  sehr  brcit.  Leben  im 
llnddarm  von  Amphibien  und  Reptilien.— Cohn,  1904,  242. 
13893— Bull.  60—10 10 


248 


01^ 


Acetabulum  elongate-oval,  ventro-subterminal,  divided  into  2  parts  by  constrictiom  'i 

1  testis;  genital  pore  slightly  postbifurcal;  esophagus  long,  straight,  with  muscuUtf  J 
thickening  ("pharynx")  at  bifurcation;  excretory  canals  with  dark  concretions. 

Catadiscus,  ]).  248.  i 

Acetabulum  round,  opeas  caudad,  with  central  projecting  sucker;  2  testes  in  adulf  I 

genital   pore   near  mouth;  esophagus  short,  bent,   without   muscular  thickening  j 

("pharynx");  excretory  canals  \\ithout   concretions Opkthodiscus,  p.  248.  \ 


Genus  DIPLODISCUS  Diesing.  1836. 


Generic  diagnosis."  ^—Diplodiscinx  (?)  or  Cladorchiimc  (?)  (p.  247):  Body  conical  i 

to  cylindrical,    venter  concave,    dorsum   convex,   cephalic  end  attenuite  •l)luntly  ] 

pointed,    caudal    end    obliquely    truncate.     \'entral    pouch    absent.     Acetabulum  I 

terminal,  very  large,  aperture  large,  tilted  ventrad.     Genital  pore  without  sucker.  . 

Excretory  pore  post  vesicular,  in  acetabular  zone,  caudad  of  Laurer's  canal;  radial  J 

excretory  branches  profuse  in  acetabulum.     Oral  sucker  with  paired  evaginations-  i 

esophagus  with  distal  muscular  thickening;  ceca  straight,  long,  end  postequatorial'  ( 

posttesticular.  '  , 

Male  organs:  Testes  2  in  young;   may  unite  in  adull,  intercecal,  much  smaller  than  ( 

acetabulum,  globular,  unbranched,  prcovarial,  rather  distant  from  acetabulum,  about  I 

equatorial;  cirrus  pouch  i)resent.  1 

Female  organs:  Ovary  and  shell  gland  largely  posttesticular;  vitellaria  extend  from  I 

esophageal  into  i)ostcecal  zone;  uterus  intercecal;  eggs  with  operculum;  Laurer's  I 
canal  entirely  prevesicular. 

Type.—/),  suhclavatus  (Goeze,  1782).  I 

IIahit.\t.— In  rectum  of  amphibians.  Europe.  j 

Ocnus  OPISTHODISCU.S  Colin,  1<XM.  ' 

Generic  diagnosis. (^y^/>/or//.sW//,r  (?)  fp.  247):  Acetabulum  with  central  projects  , 
ing  sucker.     Esophagus  without  i)haryngeal  swelling. 

Male  organs:  Testes  2,  in  part  post(nariaI;  cirrus  pouch  long  and  narrow.  I 

Fermile  organs:  Ovary  in  testicular  zone.  j 

Type  t^rEciEs.—O.  diplodisroidcs  (Cohn.  19(14).  ! 

Ocnus  CATADISCUS  Cohn,  lOW. 

Generic  diagnosis. d     1)1  phdiscinn  {■?)(]>.  2l7r  Acetabulum  divi.led  into 2 halves.  ! 
Esophagus  with  distal  muscular  thickening. 


«  Diplodmus  after  Cohn,  1904,  242. -Diplodiscinie:  Der  runde  End.saiignapf  ist 
nach  hinten  gerichtet.  mit  zentrab-r  Exkavation.  2  lIod<.n,  die  bei  alten  E.xemi.laren 
verschmelz(.n.  (Jenital  porus  ziemlirh  iiahe  der  Mumbeffnung.  ()e.sopha<Mis  Ian-  und 
gerade  verlaufend.  ein  Pharyn.x  an  (b-r  Darmgabelung.  Exkretionskanrele  mit"  .b>n 
typischen  dunkeln  Konkrementen. 

''  Combined  from  various  authors. 

cOriginul  diagnosis.  ^Diphdiscinn:  Der  runde  Endsaugnapf  isl  nach  hinten 
gerichtet,  mit  centralem  vorragendem  Zapfen.  DaucTud  2  lloden.  (J.-nitalporus 
naheanderMuiubrffnung.  Oesophagus  kurz.  urn  .I.m.  Mun.lsau^napf  herum  gel.o-M.n 
Kern  Pharynx.  Die  nnechtige  entwickelten  Sau-naplta.schen  rei.h.-n  bis  x.u  J  der 
Gesammtlange.  Darm  asymmetris.h.  ExkiH-tionskiinal  obne  du.ikele  K,.nkretion  - 
(  ohn.  1!K)4,  24;{. 

rf  Originaldiagnosis.-^Diplodisrin^v:  Der  langovale  Endsaugnapf  liegt  subterminal- 
ventral  und  ist  .lurch  Einschniiferunir  in  2  Theile  geteilt.  Ein  IbKb-n.  CJenitaliv.rus 
wenig  vor  .ler  K...ri,..r  me.lial.  .li.ht  hint,-r  der  Dr.rmgabelung.  Oesophagus  lang 
g.-ra.b.  verlaufend;  e.n  Pharynx  an  ,ler  Darmgabelunc  Exkretion.«kanale  mit  tvpi- 
tfclien  Koiikretionen.     ( 'ohn,  IfXM,  24:5. 
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Male  organs:  Cirrus  pouch  present.     Testis  single,  median. 
Female  orga7is:  Ovary,  at  least  in  part  posttesticular. 
Type  species.— C.  dolichocotyle  (Cohn,  1903). 

GASTRODISCID^,  new  family. 

Family  viAGNOSis.—Paramphist07noidea  (p.  15j:  Body  rather  discoidal,  divided 
by  transverse  constriction  into  cephalic  and  caudal  portions;  ventral  pouch  absent, 
venter  with  many  large  papillae.     Acetabulum  ventral  at  caudal  end. 

Type  genus. — GostrodisciLs  Leuckart,  1877. 

This  family  contains  two  genera  (Gastrodiscus  and  Homalogaster) , 
which  differ  so  strikingly  from  the  genera  of  the  ParampTiistomidae 
that  distinct  family  rank  seems  justified.  The  one  point  which 
speaks  against  eliminating  them  from  Oladorchiinx,  Paramphisto- 
midse,  is  the  paired  evaginations  of  the  oral  sucker. 

The  genera  may  easily  be  separated  by  the  f ollowmg  key : 
Genital  glands  confined  to  large  anterior  portion;  acetabulum  moderate;  type 

paloniie Homalogaster,  p.  249. 

Genital  glands  confined  to  large  caudal  portion;  acetabulum  small;  type  sonsinou= 

segyptiacus Gastrodiscus,  p.  252. 

Genus  HOMALOGASTER  Poirier,  1883. 

Generic  diagnosis.— Gas^roAsarfa-  (p.  249) :  Body  divided  by  constriction  into  large 
cephalic,  flat  portion  with  genital  glands,  and  small,  caudal  portion  with  acetabulum; 
venter  flat  or  excavate,  provided  with  alternating  longitudinal  rows  of  large  mamma- 
like structures;  of  these,  the  papilhe  near  the  middle  of  the  rows  (both  longitudinal  and 
transverse)  are  larger  than  those  further  from  the  middle;  dorsum  convex.  Acetabu- 
lum large,  caudal,  ventral,  not  sunken,  margin  raised,  aperture  medium.  Genital 
pore  without  sucker,  on  large  protrusile  papilla,  ductus  hermaphroditicus  absent. 
Excretory  pore  postvesicular  in  acetabular  zone,  caudad  of  pore  of  Laurer's  canal. 
Oral  sucker  with  paired  evaginations;  esophagus  rather  long,  with  muscular  swelling 
(at  least  in  //.  philippinensis):  ceca  slightly  wavy,  long,  end  postequatorial,  post- 
testicular. 

Male  organs:  Testes  2,  smaller  than  acetabulum,  preequatorial,  lobate,  widely 
separate  from  ovary  and  acetabulum;  musculosa  not  enormously  developed;  cirrus 
pouch  absent. 

Female  organs:  Ovary  and  shell  gland  posttesticular;  vitellaria  cecal,  about  from 
bifurcation  to  ovary;  uterus  intercecal,  pre-,  post-,  and  testicular;  eggs  operculated; 
Laurer's  canal  entirely  prevesicular. 

Type.— 77.  palonia;  Poirier,  1883. 

Habitat. — Large  intestine  of  ruminants.     Asiatic. 

HOMALOG.ISTEK  PHILIPPINENSIS  Stiles  &  (iolclber^'er,  1908. 

[Figs.  203-20r,.] 

A  reexamination  of  the  sectioned  material  that  was  used  as  the 
basis  for  the  description  of  this  si)ecies  by  Stiles  and  Goldberger, 
1908,  has  disclosed  one  or  two  additional  interesting  points. 

Oral  suclcer.— The  oral  sucker  and  suctorial  pouches  are  inclosed 
in  a  well-marked  cavity  (figs.  .32-36,  Stiles  and  Goldberger,  190S). 
The  oral  sucker  is  held  in  position  by  attachments  around  its  oral 
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extremity  and  by  mesenteriiim-like  strands  extending  from  its  ven- 
tral and  dorsal  aspects  to  the  parench3'ma.  Caudally  of  the  base  of 
the  oral  sucker  similar  dorso-ventral  strands  run  from  the  dorsoi 
mesial  aspects  of  the  bulbs  toward  the  dorsum,  anchoring  them  to 
the  parenchyma,  and  other  strands  run  ventrad  from  the  esophagus. 
Besides  these  mesenterium-like  strands,  consisting  of  a  loose  paren- 
chyma-like membrane,  there  are  muscle  bundles  which  attach  these 
structures  to  the  subcuticular  muscle  layers  ventrally  and  ilorsally. 
In  this  cavity  or  perisuctorial  space  is  a  considerable  amount  of  a 
granular  material  (coagulum)  in  which  a  few  cell-nuclei  are  scattered. 
These  nuclei  are  surrounded  hy  a  narrow,  clear,  nongranular  area,  but 
a  well-defined  cell  wall  could  not  be  made  out. 

Esophagus. — The  caudal  extremity  of  the  es()])hagus  is  character- 
ized by  a  somewhat  fusiform  bulb- 
ous enlargement  (fig.  203)  due  to  a 
very  marked  thickening  of  the 
muscular  layers.  Measured  in 
sagittal  section  this  bulbous  thick- 
ening is  about  2S()/«  long  with  a 
maximum  thickness  of  wall  of 
nhout  (i7/(.  The  thickness  of  the 
esophageal  wall  just  above  (ce])ha- 
lad  of)  the  beginning  of  this 
bulbous  (Mdargement  was  found  to 
l)(\  in  th(>  same  section,  about  15/t. 
Acctdhnliim. — T\w  rim  of  tlie 
acctal)uhiin  ])roj(M'ts  beyond  the 
body  ])arenchyma,  which  embraces 
its  dome  in  a  manner  reseml)ling 
somewhat  that  in  /'scujocliscus 
sidiild/ii,  though  it  is  not  marked 
off  as  in  stanleiiii  by  an  encircling 
groove  (figs.  204,  20')). 
Tlie  foregoing  observat  ions  change  the  original  s])eci(ic  diagnosis  to 
read  as  follows: 

SPEcn-ic  in.Kc.sosis.  —  Uonuilof/d.st, r  (p.  215)):  Jlody  7.5  to  !»  mm.  loiii,'  hy  1.5  to  5 
mm.  (or  flattened  to  7  mm.)  broad,  canoo  !^hai)od,  cephalic  extremity  attonuafed, 
caudal  extremity  rounded;  when  flattened,  s*ide.>*  very cimvex  lonf,'iludinally;  dorsum 
may  show  .^uhmedian  lon<,Mtudinal  depres.«ions.  Cienital  pore  I  mm.  from  oral  margin 
(about  one-ninlh  to  ono-.^evenlh  of  body  lenj,nh  from  mouth  and  about  at  e(juator  of 
eMopha>,'u.s),  surrounded  by  depressed  circular  area  bearing  numerous  small  i)apilliP. 
Venter  with  alternating  longitudinal  rows  of  large  papilhe  extending  from  about  2  to 
2.5  mm.  from  oral  margin  to  acetabulum.  Margins  curved  ventrally  and  are  fairly 
sharp.     Acetabulum  about  2.5  by  2.7  to  3  mm.,  it.s  margin  project.s  rHyon<l  ilu-  body 
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Fig.  203. 
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Fig.  204. 


parenchyma.  Oral  sucker  with  a  single  pair  of  evaginations ;  the  sucker  and  evagi- 
nations  lie  in  a  well-marked  perisuctorial  space;  esophagus  extends  to  about  one-fifth 
of  body  length  from  oral  margin;  the  caudal  end  of  the  esophagus  is  provided  with  a 

fusiform  bulbous  muscular  enlargement 
about  280/1  long  by  G7/i  thick;  intestinal  ceca 
narrow,  slightly  tortuous,  long,  extending  to 
acetabulum.  Excretory  pore  post  vesicular, 
dorso-median,  about  at  equator  of  acetabu- 
lum, caudad  of  pore  of  Laurer's  canal. 

Male  organs:  Testes  lobate  in  cephalic  half 
of  space  between  ceca;  one  caudad  of  the 
other;  vesicula  seminalis  quite  compactly 
coiled;  pars  musculosa  distinctly  but  not 
highly  developed;  pars  prostatica  not  promi- 
nent, may  enlarge  to  quite  a  large  diameter, 
thus  resembling  a  "vesicula  seminalis  in- 
terna;" ductus  ejaculatorius  present;  cirrus 
absent. 

Female  organs:  Ovary  and  shell  gland  sub- 
median,  near  end  of  one  of  the  ceca,  ovary 
cephalad  of  shell  gland;  vitellaria  extend 
about  from  the  bifurcation  of  the  esophagus 
to  caudal  plane  of  ovary;  uterus  with  many 
coils,  well  developed,  passes  cephalad,  dor- 
sally  of  testes,  ventrally  between  vasa  efferentia,  ventrally  of  vas  deferens  to  pore; 
Laurer's  canal  opens  dorso-median  at  plane  of  termination  of  ceca.  Genital  papilla, 
when  extruded,  resembles  human  penis  with  glans;  bears  on  its  vertex  a  pore,  from 
which  runs  the  short  ductus  hermaphroditicus;  when  retracted  the  papilla  resembles 
a  partially  inclosed  cirrus  pouch. 

Eggs:  Egg  oval,  opercu- 
lated,  with  small  knob  at 
opposite  pole;  125  to  139/« 
by  67.5  to  86/(. 

Habitat. — Cecum  of  Bos 
Bp.,  at  Manila,  P.  I.  (type 
locality),  and  Phrapatoom, 
Siam. 

Type.— U  .  S  .  P  .  11  .  & 
M.H.S.     9580    (mounted);      ' 
Cotypes  9581  and  9960. 

ILLUSTRATIONS. 

Fig.  203.— Sagittal 
section  shows  bulbous 
thickening   of  caudal 
end  of  esophagus  {e.h.) ;  onil  sucker  (o.s.) ;  perisuctorial  space  0^5.  sp.); 
suctorial  pouch  {s.  p.) ;  pars  prostatica  (p.  p.) ;  uterus  (ut.) .     Enlarged. 

Original.  ^  u  i 

Fig.  204.— Sagittal  section  of  caudal  extremity  to  show  acetabulum 
{ac  )  Shows  also  the  excretory  vesicle  (ex.  v.)  and  intestines  (i.), 
section  of  transverse  vitello-duct  (/.  n?.),  and  ventral  papilla  (v.  pap.). 
Enlarged.    Original. 


Fig.  20,5. 


i 

Fig.  205. — Transverse  section  through  caudal  extremity.     Shows  1 
acetabulum  (ac),  excretory  vesicle  (ex.  v.),  and  intestines  (i.).     En-, 
larged.     Original. 

Genus  QASTRODICUS  Leuckart,  1877. 
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Generic  diagnosis." — Gastrodiscidx  (p.  249):    Body  divided  by  constriction  into 

small,  cephalic,  ylender,  nearly  cylindrical  portion  without  sexual  glands,  and  large,  s 

caudal,   flat,   discoidal,    ventrally  excavate  portion  containing  the  genital  glands,  j 

Ventral  pouch  absent.     Acetabulum  small,  caudal,  ventral,  margin  rai.^ed,  aperture"  1) 

relatively  large.     Genital   pore  without  sucker.     Excretory  pore  postvesicular,   in  i 

acetabular  zone,  caudad  of  pore  of  Laurer's  canal.     Oral  sucker  with  paired  evagi-  ( 

nations;  esophagus  with  muscular  thickening;  ceca  not  wavy,  long,  end  postequato-  { 
rial,  postteslicular. 

Male  organs:  Testes  2,  larger  than  acetabulum,  branched,  diagonal,  fields  and  zones  ! 

overlap,  preovarial,  widely  separated  from  acetabulum,  about  in  equatorial  third;  I 
musculosa  not  enormous;  "cirrus  pouch  not  completely  closed." 

Female  organs:  Ovary  and  shell  gland  posttesticular;  vitellaria  extracecal,  extend  i 

from  bifurcation  into  postcecal  zone;  uterus  intercecal;  Laurer's  canal  entirely  pre-  I 

vesicular.  ', 

Type. — (Jastrodiscus  segyptiacus  Cobbold,  1876.  ' 

II.\iuT.\T.— Small  and  large  intestines  oi  Equus  in  Egypt  and  India,  and  Homo  in  I 
India. 

o  Based  upon  the  writings  of  various  authors. 


LIST  OF  ABBREVIATIONS. 


'a.  ac aperture  of  acetaljulum. 

a.  V.  p aperture  of  ventral  pouch. 

ac acetabulum. 

ac.  pap acetabular  papilla?. 

c cirrus. 

c .  p cirrus  pouch . 

0.  vd common  vitello-duct. 

cu '-  .cuticle. 

a,  ac dome  of  acetabulum. 

d.  e ductus  ejaculatorius. 

d.  h ductus  hermaphroditicus. 

e.  g brain  (esophageal  ganglion). 

es esophagus. 

es.  b esophageal  bulbous  thickening. 

es .  f esophageal  fork . 

ex .  c excretory  canal . 

ex.  d excretory  duct." 

ex.  p excretory  pore. 

ex.  V excretory  vesicle. 

g.  a.c ventral     chamber    of    genita 

atrium. 

g.  a genital  atrium 

ber  of  genital  atrium. 

g.  b genital  bulging. 

g.pap genital  papillae. 

g.  p genital  pore. 

g.  6 genital  sucker. 

g,  sph genital  sphincter. 

i inte.-tine. 

],.  c l.aurer's  canal. 

m mouth . 

m.b me.-enterium-like 

oral  sucker). 

111.  J) musculosa-prostatica 

tion  of. 

o.pap oral  papilla?. 

,,  s oral  sucker. 

ut ootype. 

ov ovary. 


dorsal  cham- 


strands    (of 


ov.  d oviduct. 

p.  i pars  intermedia. 

p.  L.  c pore  of  Laurer's  canal. 

p .  m pars  musculosa . 

po.gr peri-oral  groove. 

por.  h porus  hermaphroditicus. 

p.  p pars  prostatica. 

pap.  o.  s.  .papilla?  of  oral  sucker. 

p.  s.  sp perisuctorial  space. 

pa.  gr peri-acetabular  groove. 

pap.  g.  a.  .papillae  of  genital  atrium. 

par parenchyma. 

r.  ac rim  of  aperture  of  acetabulum. 

y.  b suctorial  bulb. 

8.  g shell  gland. 

s.  p suctorial  pouch. 

s.  pap surface  papilh*. 

s.  sph suctorial  sphincter. 

sz spermatozoa . 

t testis  (t.  d.,   right  or  inferior 

t.  s.,  left  or  superior). 

t.  g.  p true  genital  pore. 

tr.gr transverse  grooves. 

t.  vd transverse  vitello-duct. 

ut uterus. 

V.  e vas  efferens  (right  =  v.  e.  d.; 

left=v.  e.  s.). 

V.  e.a arch  of  union  of  vasa  efferen- 

tia. 

V.  d vas  deferens. 

V.  g vitellogene  glands,  vitellaria. 

V.  m vesicula-musculosa,   junction 

of. 
.      v.p ventral  pouch. 

V,  pap ventral  jjapilla". 

V.  r vitellene  re.>ervoir. 

■i  V.  s vesicula  seminalis. 

I  V.  s.  i vesicula  seminalis  interna. 

va metraterm. 

(253) 
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aegyptiacus  (Gastrodiscus) 249,  252 

A mph istoma 9, 170, 1 7 1 ,  200,  217 

follinsi 171_  173^  174^  187  j 

collinsi  Stanley! 173  i 

collinsii g,  171,  173,  174,  187,  188,201  j 

collinsii  stanleyi 171,  173,  201  ( 

coiiicum (j4  214  ] 

crumenil'oruni 87  115  | 

explanat  urn 132  | 

hawkesi 171, 173, 175,  2OO  i 

hawkesii 174,187,188,200,201,202,203  I 

ornat  um 171  20I  1 

papillatuin 201,  232,  233,  234  I 

etanlcyi 173,  189  i 

stanleyii 9,  171,  I73,  174  ; 

\vat,soni 212,  213,  214,  217,  218  | 

Amphiptomidap 171  | 
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Aiioa  dcpressicornis 17  | 

Anlilope 51  i 

dorcas 7g  j 

ariea  (Ovis) 63,  64  , 

JJalanorchis GO,  Gl,  G2,  218,  247  I 

anaslrophus 62,  247  i 

l)atliy(()tyle 77  j 

(raramplii.-lomum) 74,  7G,  77  ! 

bohor  ((iTvicapra) 5I  59  J 

^^••^ 29,251  I 
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k<'ral)au 17,  20,  21 ,  42,  50,  74,  76  i 

t'i»""">^ 50,  51,  63,  75 
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Hulfelu8  indicus 75  131  132  ! 

buski  ( Kasciolopsis) 214  I 

(254) 


11 


255 

caballus  (Equus) 
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crassum  (Cauliorchis) 74  gg 

(Paramphi.<tomum) 76,  86, 101, 157 

crumenifer  (Gastrothylax) Ig  17 

crumeniferum  (Amphistoma) 87  115 

cylindricus  (Pseudocladorchis) 62  232 

depressicornis  (Anoa) I7 

dichotomus  (Cervus) 7g 

Dicotyles 170 

dicraiiocceliiim  (Orthoccelium) 74,  77 

(Paramphistomiim ) 74 

Digcnca 15 

DipIodisciiuL" 00,  01,  62,  247,  248 

diplodiscoides  (OpisthodLsciis ) (52  248 

Diplodiscus (jO,  61,  (i2,  169,  247,  248 

subclavatus qo  248 
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doiras  (Antilope) 7g  | 
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cldi  (Cervus) 75,  78,  151  j 
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LIST  OF  HYGIENIC  LABORATORY  BULLETINS    OF  THE  PUBLIC  HEALTH 
AND  MARINE-HOSPITAL  SERVICE. 

The  Hygienic  Laboratory  was  established  in  New  York,  at  the  Marine  Hospital  on 
^taten  Island,  August,  1887.  It  was  transferred  to  \Vashington,  with  quarters  in  the 
Butler  Building,  June  11,  1891,  and  a  new  laboratory  building,  located  in  Washington, 
;vas  authorized  by  act  of  Congress  March  3,  1901. 

The  following  hulUtins  [Bulls.  Nos.  1-7,  1900  to  1902,  Hyg.  Lab.,  U.  S.  Mar.-Hosp. 
3erv.,  Wash.]  have  been  issued: 

*No.  1.— Preliminary  note  on  the  viability  of  the  Bacillus  pestis.     By  M.  J.  Rosenau. 

No.  2.— Formalin  disinfection  of  baggage  without  apparatus.     By  M.  J.  Rosenau 

*No.  3.— Sulphur  dioxid  as  a  germicidal  agent.     By  H.  D.  Geddings. 

*]S[o.  4.— Viability  of  the  Bacillus  pestis.     By  M.  J.  Rosenau. 

No.  5.— An  investigation  of  a  pathogenic  microbe  (B.  typhi  murium  Danyz)  applied 
to  the  destruction  of  rats.     By  M.  J.  Rosenau. 

*No.  6.— Disinfection  against  mosquitoes  with  formaldehyde  and  sulphur  dioxid. 
By  M.  J.  Rosenau. 

No.  7.— Laboratory  technique:  Ring  test  for  indol,  by  S.  B.  Grubbs  and  Edward 
Francis;  Collodium  sacs,  by  S.  B.  Grubbs  and  Edward  Francis;  Microphotography 
with  simple  apparatus,  by  H.  B.  Parker. 

By  act  of  Congress  approved  July  1,  1902,  the  name  of  the  "United  States  Marine- 
Hospital  Service"  was  changed  to  the  "Public  Health  and  Marine-Hospital  Service  of 
the  United  States,"  and  three  new  divisions  were  added  to  the  Hygienic  Laboratory. 

Since  the  change  of  name  of  the  Service  the  bulletins  of  the  Hygienic  Laboratory 
have  been  continued  in  the  same  numerical  order,  as  follows: 

*No.  8.— Laboratory  course  in  pathology  and  bacteriology.  By  M.  J.  Rosenau. 
(Revised  edition,  March,  1904.) 

1    *No.  9.— Presence  of  tetanus  in  commercial  gelatin.     By  John  F.  Anderson. 
I    No.  10.— Report  upon  the  prevalence  and  geographic  distribution  of  hookworm  dis- 
ease (uncinariasis  or  anchylostomiasis)  in  the  United  States.     By  Ch.  Wardell  Stiles. 

*No.  11.— An  experimental  investigation  of  Trypanosoma  lewisi.  By  Edward 
Francis. 

*No.  12.— The  bacteriological  impurities  of  vaccine  virus;  an  experimental  study. 
By  M.  J.  Rosenau. 

*No.  13.— A  statistical  study  of  the  intestinal  parasites  of  500  white  male  patients  at 
ithe  United  States  Government  Hospital  for  the  Insane;  by  Philip  E.  Garrison,  Bray- 
ton  H.  Ransom,  and  Earle  C.  Stevenson.  A  parasitic  roundworm  {Agamoinermis 
culicis  n.  g.,  n.  sp.)  in  American  mosquitoes  {Culex  soUicitans) ;  by  Ch.  Wardell  Stiles. 
The  type  species  of  the  cestode  genus  Ilymcnolepis;   by  Ch.  Wardell  Stiles. 

•No.  14.— Spotted  fever  (tick  fever)  of  the  Rocky  Mountains;  a  new  disease.  By 
John  F.  Anderson. 

.     No.  15. —Inefficiency  of  ferrous  sulphate  as  an  antiseptic  and  germicide.    By  Allan 
J.  McLaughlin. 
*No.  16.-  -The  antiseptic  and  germicidal  properties  of  glycerin.     By  M.  J.  Rosenau. 
*Xo.  17.— Illustrated  key  to  the  trematode  parasites  of  man.     By  Ch.  Wardell  Stiles. 
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*No.  18. — An  account  of  the  tapeworms  of  the  genus  Hymenohpis  parasitic  in  mai 
including  reports  of  several  new  cases  of  the  dwarf  tapeworm  {11.  nayia)  in  the  United' 
States.     By  Brayton  H.  Ransom. 

*No.  19. — A  method  for  inoculating  animals  with  precise  amounts.  By  M.  J. 
Rosenau. 

*No.  20. — A  zoological  investigation  into  the  cause,  transmission,  and  source  of 
Rocky  Mountain  "spotted  fever."     By  Ch.  Wardell  Stiles. 

No.  21. — The  immunity  unit  for  standardizing  diphtheria  antitoxin  (based  on  Ehr- 
lich's  normal  serum).  Official  standard  prepared  under  the  act  approved  July  1 ,  1902. 
By  M.  J.  Rosenau. 

*No.  22. — Chloride  of  zinc  as  a  deodorant,  antiseptic,  and  germicide.  By  T.  B. 
McClintic. 

*No.  23. — Changes  in  the  Pharmacopoeia  of  the  United  States  of  America.  Eighth 
Decennial  Revision.     By  Reid  Hunt  and  Murray  Gait  Motter. 

No.  24. — The  International  Code  of  Zoological  Nomenclature  as  applied  to  medicine. 
By  Ch.  Wardell  Stiles. 

No.  25. — Illustrated  key  to  the  cestode  parasites  of  man.     By  Ch.  W'urdell  Stiles. 

No.  26.— On  the  stability  of  the  oxidases  and  their  conduct  toward  various  reagents. 
The  conduct  of  phenolphthalein  in  the  animal  organism.  A  test  for  saccharin,  and 
a  simple  method  of  distinguishing  between  cumarin  and  vanillin.  The  toxicity  of 
ozone  and  other  oxidizing  agents  to  lij)ase.  The  influence  of  chemical  constitution  on 
the  lipolytic  hydrolysis  of  ethereal  salts.     By  J.  II.  Kastle. 

No.  27. — The  limitations  of  formaldehyde  gas  as  a  disinfectant  with  six'cial  reference 
to  car  sanitation.     By  Thomas  H.  McClintic. 

*N().  28. — A  statistical  study  of  the  jirevalcnce  of  intestinal  worms  in  nuui.  Uy  Ch. 
Wardell  Stiles  and  Philip  E.  Garrison. 

*No.  29. — A  study  of  the  cause  of  sudden  death  foilowint:  lh(>  injection  of  horse 
serum.     By  M.J.  Rosenau  and  John  V.  .\ndorson. 

No.  30. — I.  Maternal  transmission  of  ininiuniiy  io  (li|ilitheria  toxine.  II.  .Maternal 
transmission  of  immunity  to  diphtheria  toxine  and  liyi)ersus(eiililiilil  \  to  hor,-;e  serum 
in  the  same  animal.     Uy  John  F.  Anderson. 

No.  31.  — \'ariations  in  the  })eroxidase  activity  of  tlie  lilood  in  lu'altli  and  di.sease.  i 
By  Joseph  II.  Kastle  and  Harold  L.  Anioss.  i 

No.  32. — A  stomach  lesion  in  guinea  pigs  caused  by  diphtheria  toxine  and  its  bear- 
ing upon  experimental  gastric  ulcer.     By  M.  J.  Rosenau  and  John  F.  Anderson.         j 

No.  33. — Studies  in  experimental  alcoholism.     By  Reid  Hunt.  i 

No.  .34. — I.  Agamofilaria  georgiana  n.  sp.,  an  apparently  new  roundworm  parasite  j 
from  the  ankle  of  a  negress.  II.  The  zoological  characters  of  the  roundworm  genus  I 
Fihiriti  Mueller,  1787.  III.  Three  new  American  cases  of  infection  of  man  with  horse-  i 
hair  worms  (species  Pamgnrdius  varius),  with  summary  of  all  cases  reported  to  date,  j 
By  Ch.  Wardell  Stiles. 

*No.  35.-  Report  on  the  origin  and  prevalence  of  typhoid  fever  in  the  District  of  i 
Columbia.  By  M.  J.  Rosenau,  L.  L.  I.umsden.  and  Jos(>i)h  H.  Kastle.  (Including  j 
articles  contril)Ute(l  by  Ch.  Wardell  Stiles,  Jo.seph  Goldln-rger,  and  .\.  M.  Stimson.)       ' 

No.  30.—  Further  studies  upon  hy])ersu.sceptibility  and  innniinit\  .  Hy  M.  J.  Rose-  i 
nau  and  John  F.  Anderson.  ( 

No.  37.— Index-catalogue  nf  medical  and  veterinary  zoology.  Subjects:  Trema-  j 
toda  and  trematode  diseases.     Hy  Ch.  Wardell  Stiles  and  .\lbert  Hassall.  i 

No.  3S.  The  influence  of  antitoxin  upon  post-diphtheritic  paralysis.  Hy  M.  J.  j 
Rosenau  and  .lojin  F.  Anderson.  ■ 

No.  39.-  The  antiseptic  and  germicidal  properties  of  solutions  of  formaldehyde  and  I 
their  action  ujjou  toxines.     Hy  John  F.  .\nderson.  i 

No.  40.-  1.  The  occurrence  of  a  proliferating  cestode  larva  (Sparginium  proUfcrum)  i 
in  man  in  Florida,  by  (  h.  Wardell  Stilea.     2.  A  reexamination  of  the  type  specimeu  | 
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of  Filaria  resliformis  Leidy,  ISSO ^Agamomermis  restiformis,  by  Ch.  Wardell  Stiles.  3. 
Observations  on  two  new  parasitic  trematode  worms:  Homalogaster  philippinensis 
n  sp.,  Agamodistomum  nanus  n.  sp,  by  Ch.  Wardell  Stiles  and  Joseph  Goldberger. 
4.  A  reexamination  of  the  original  specimen  of  Taenia  saginata  abietina  (Weinland, 
1858),  by  Ch.  Wardell  Stiles  and  Joseph  Goldberger. 

*n'o.  41.— Milk  and  its  relation  to  the  public  health.     By  various  authors. 

No.  42.— The  thermal  death  points  of  pathogenic  micro-organisms  in  milk.     By 

M.  J.  Rosenau.  .  .■,■■,■, 

No   43  —The  standardization  of  tetanus  antitoxin  (an  American  unit  established 

under  authority  of  the  act  of  July  1,  1902).    By  M.  J.  Rosenau  and  John  F.  Anderson. 
No.  44.— Report  No.  2  on  the  origin  and  prevalence  of  typhoid  fever  in  the  District 

of  Columbia,  1907.     By  M.  J.  Rosenau,  L.  L.  Lumsden,  and  Joseph  H.  Kastle. 
No.  45.— Further  studies  upon  anaphylaxis.     By  M.  J.   Rosenau  and  John  F. 

Anderson.  .  ,  •     * 

No.  46.—Hepatozoon  pernidosum  (n.  g.,  n.  sp.);  a  haemogreganne  pathogenic  for 
white  rats;  with  a  description  of  the  sexual  cycle  in  the  intermediate  host,  a  mite 
{Lelaps  echidninus).     By  W.  W.  Miller. 

No.  47.— Studies  on  Thyroid:  I.  The  relation  of  iodine  to  the  physiological  actmty 
of  thyroid  preparations.     By  Reid  Hunt  and  Atherton  Seidell. 

No.  48.— The  physiological  standardization  of  digitalis.  By  Charles  Wallis  Ed- 
munds and  Worth  Hale. 

Xo  49.— Digest  of  comments  on  the  United  States  Pharmacopoeia.  Eighth  decen- 
nial revision  for  the  period  ending  December  31,  1905.  By  Murray  Gait  Motter  and 
Martin  I.  Wilbert. 

Xo.  .50.— Further  studies  upon  the  phenomenon  of  anaphylaxis.     By  M.  J.  Rosenau 

and  John  F.  Anderson. 

No.  51.— Chemical  tests  for  blood.     By  Joseph  H.  Kastle. 

No.  52.— Report  No.  3  on  the  origin  and  prevalence  of  typhoid  fever  in  the  District 
of  Columbia.     By  M.  J.  Rosenau,  L.  L.  Lumsden,  and  Joseph  H.  Kastle. 

No.  53.— The  influence  of  certain  drugs  upon  the  toxicity  of  acetanilide  and  anti- 
pyrine.     By  Worth  Hale. 

Xo.  54. The  fixing  power  of  alkaloids  on  volatile  acids  and  its  application  to  the 

estimation  of  alkaloids  with  the  aid  of  phenolphthalein  or  by  the  Volhard  method. 
Bv  Elias  Elvove. 

No.  55.— Quantitative  pharmacological  studies;  adrenalin  and  adrenalin-like  bodies. 

By  W.  H.  Schultz. 
».    Xo.  56.— Milk  and  its  relation  to  the  public  health.     (Revised  edition.)     By  vanous 

authors. 

Xo.  57.— I.  The  presence  of  tubercle  bacilli  in  the  circulating  blood  in  clinical  and 
experimental  tuberculosis.  By  John  F.  Anderson.  II.  The  viability  of  the  tubercle 
bacillus.     By  M.  J.  Rosenau. 

Xo.  58.— Digest  of  comments  on  the  Pharmacopoeia  of  the  United  States  of  America 
(eighth  decennial  revision)  and  the  National  Formulary  for  the  period  ending  Decem- 
ber 31,  1906.     By  Murray  Gait  Motter  and  Martin  I.  Wilbert. 

Xo.  59.— The  "oxidases  and  other  oxygen  catalysts  concerned  in  biological  oxida- 
tions.    By  Joseph  Hoeing  Kastle. 

No.  60.— A  study  of  the  anatomy  of  Watsonius  (n.  g.)  xcatsoni  of  man,  and  of  19 
allied  species  of  mammalian  trematode  worms  of  the  superfamily  Paramphistomoidea. 
By  Ch.  Wardell  Stiles  and  Joseph  Goldberger. 

In  citing  these  bulletins,  beginning  with  No.  8,  bibliographers  and  authors  are 

requested  to  adopt  the  following  abbreviations:  Bull.  No.  ,  Hyg.  Lab.,  U.  S. 

Pub.  Health  &  Mar.  Hosp.  Sers-.,  Wash.,  pp. . 
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By  W.  H.  ScHULTz, 

Associate  Pharmacologist,  Division  of  Pharmacology,  Hygienic  Laboratory,  United 
States  Public  Health  and  Marine-Hospital  Service. 


A  cursory  reading  of  the  clinical  literature  on  epinephrin  shows 
conflicting  opinions  held  regarding  the  size  of  the  dose  necessary  to 
produce  a  physiological  effect.  Indeed,  it  will  also  be  observed  that 
in  many  cases  negative  results  are  unexpectedly  obtained.  Obviously, 
with  a  drug  like  epinephrin,  given  in  critical  cases,  it  is  of  importance 
that  its  degree  of  elfectiveness  be  ascertained. 

In  a  previous  paper  it  has  been  shown  that  a  pure  sample  of  epine- 
phrin base  furnishes  a  reliable  standard  in  assaying  vaso-constrictor 
substances.  This  epinephrin  base  can  now  be  made  so  as  to  contain 
practically  no  ash.  Its  solution  can  be  made  up  as  needed  so  as  to 
show  but  a  trace  of  color,  with  a  maximum  physiological  and  optical 
activity  and  keeping  power  that  meets  all  the  requirements  of  a 
standard.  With  the  data  now  at  hand  it  seems  that  the  physiolog- 
ical activity  of  all  epinephrin-hke  bodies  can  be  assayed  by  the 
blood-pressure  method  and  their  efficiency  expressed  in  terms  of  pure 
epinephrin  base. 

Hence  if  one  has  two  solutions,  a  known  epinephrin  solution,  1  c.  c. 
of  wliich  contains  a  grams  of  base,  and  an  unkno'v\ii  containing  a 
certain  amount,  y,  of  vaso-constrictor  exciting  substance,  they 
can  readily  be  checked  against  each  other  by  the  blood  pressure 
method.  Whichever  solution  is  the  stronger  can  be  diluted  until 
1  c.  c.  injections  of  it  cause  the  same  rise  of  blood  pressure  as 
the  other,  and  finally  their  relative  activity  calculated  by  the  fol- 
lowing equation: 

a  epinephrin  base  i   -•  .  ••, 

- — ^ ^- -^^- — — -T— — -  =^  relative  activity, 

y  vaso-constrictor  excitant 

HISTORICAL. 

Houghton,  1901  (4)  suggests  the  use  of  pharmacologic  methods 
for  assaying  galenical  preparations  and  takes  advantage  of  an  already 
Well  known  fact  that  a  graduated  rise  of  blood  pressme  could  be 
obtained  by  injecting  increasingly  large  doses  of  epinephrin  intra- 

«  Manuscript  submitted  for  })ublication  November  8,  1909. 
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venously.     In    1902    (5)    he  proved    the    blood-pressure  method   to  i 

be  one  of  the  most  accurate  methods  for  assaying  epinephrin  prep-  • 

arations.     Three  solutions,  A,  B,  and  C,  were  used,  one  containing  j 

85,  one  40,  and  another  130  per  cent  of  the  amount  of  epinephrin  I 

known  to  be   in  a  given  solution.     An  assistant   reported   that  A  i 

contained  80,  B  40,  and  C  135  per  cent  of  the  amount  in  the  kno'WTi  | 

solution.     One  of  Takamine's  first  samples  of  the  crystalline  product  j 

was  tested  and  found  to  be  600  to  800  times  as  active  as  the  best  j 

aqueous  extracts  of  freshly  prepared  glands.  I 

Cameron,  (1)  1006,  was  one  of  the  first  to  apply  the  blood-pressure  1 
method  to  the  standardization  of  commercial  ])reparations  of  ; 
epinephrin.  After  trying  the  colorimetric  test  described  In^  Bat-  j 
telli,  the  frog  profusion  method  described  by  La  wen,  and  the  f  log's  I 
pu])il  method  ])ioj)osed  t)y  I\Ieltzer  and  described  more  in  detail  i 
by  Ehrmann,  he  finalh^  decided  on  the  bl()od-}>ressure  method  as  i 
the  most  convenient  and  reliable  pharmacological  assay  for  epine- 
phrin. Since  no'  standard  preparation  of  epinephrin  base  was  at  | 
ham  I,  (Cameron  proposed  the  use  of  a  drug  that  produced  a  rapid  ■ 
and  (|uantitative  vaso-dilator  effect.  Advantage  being  taken  of  ! 
the  antagonistic  action  known  to  exist  between  e])ine])hrin  and  1 
the  nitrites,  he  decided  to  check  the  action  of  definite  doses  of  j 
a  nitiite  against  the  epinephrin  solution  to  be  tested.  Using  nitro-  '< 
glycerin  as  a  standard,  he  found  that  when  0.5  c.  c.  of  1.5  ])er  ; 
cent  1:1000  adrenalin  solution  was  injected  along  with  1  c.  c.  t)f  j 
solution  containing  0.6  milligram  of  nitroglycerin  the  ej)ine])hrin  , 
rise  was  almost  entirely  cut  down,  and  the  opposing  effect  of  the  i 
nitroglycerin  was  soon  manifested  by  a  veiy  slight  fall  and  then  i 
a  return  to  the  normal  j)ressure.  That  is,  0.0075  milligram  of  : 
epinephrin  is  antagonized  by  0.6  milligram  of  nitroglycerin,  the  '■■ 
relative  opjiosing  action  of  the  nitrite  and  the  epinei)hrin  being  to  i 
each  other  as  80  to  1.  By  this  method  Cameron  found  adrenalin,  j 
suprarenalin,  and  hemisine  to  be  of  uniform  strength.  Ceitain  i 
otluM- ])i(\j)arat ions  not  named  were  also  tested,  but  were  found  to  Ix' 
uncertain  in  tluui-  action,  some  samples  even  causing  a  fall  of  i)ies- 
sure  instead  of  a  rise. 

Til   lliis  country   the  first  practical   (h^monstration   of  the  advisa-  i 

bihty    of    testing   the   various   commercial   samples   of  ej)ine])hiin   is  i 

brought   out    in   the   icsults  published   \)\    Hunt   aiul   by  Sollmann.  i 

Hunt,    I*.)()('t     ((')).    t<'st<'d    a    number    of    <'pinephiin    samples   sui)-  ■ 
luitted   to  one  of  the  (lcj)art  iiuMits  of  the  Iniled  Stat(\s  ( lovcinnicnt 

along  MJlii   (ciliiiii   samples   houglil    u|)on    the  open   maikel.      In   the  I 

fust    series   sain])les   A,    l\,    and    C   were    tested.      Two    bottles,  each  | 

labeled   i  :!()()(),  were  bought   upon  the  open  maiket   and  their  activ-  | 
ity    teslcMl    upon    i.ihbits    anesthetized    with    urethane    and    chloral- 
hydrate,  hotli  vagi  heing  cut,  atroi)in  given,  and,  hnally,  the  aninuil 
curarized.      L'nder  these  conditions  solutions  A  and  B  showed  equal 


activity,  producing,  however,  from  1.4  to  1.8  times  the  rise  of  blood 
pressure  as  did  an  equal  amount  of  C.  And  when  equal  amounts 
of  solutions  A  and  B  and  of  C  were  injected  it  was  necessary  to 
make  C  1.7  times  as  concentrated  as  A  and  B  in  order  to  produce  like 
rises  of  blood  pressure.  At  about  the  same  time  four  prepara- 
tions were  submitted  by  competing  firms  to  another  department 
of  the  Government,  which  in  turn  sent  them  to  the  Hygienic 
Laboratory  for  testing.  A,  C,  and  D  purported  to  be  1:1000  solu- 
tions, and  B  suprarenal  gland  (dissicated),  A  and  C  being  made 
by  the  same  firm.  These  two  were  found  to  be  about  equal  in 
activity,  but  five  times  as  active  as  D,  although  D  was  oflered  at 
about  one-third  the  price  of  the  former.  One  oimce  of  B  made 
up  into  a  solution  made  the  equivalent  of  about  15  omices  of  A, 
the  cost  of  the  former  being  60  cents  and  the  latter  72  cents. 

Sollmann  and  Brown,  1906  (9),  tested  four  preparations  of 
epinephrin  bought  upon  the  open  market  in  Cleveland,  Ohio.  Series 
"a"  was  bought  from  a  jobbing  druggist  and  series  ''6"  from  a 
high  class  prescription  pharmacy.  ''In  all,  71  injections  were 
made  on  12  dogs."  In  each  case  1  to  50,000  solutions  were  injected 
into  the  femoral  vein  of  anesthetized  dogs.  Sometimes  the  vagus 
was  cut,  at  other  times  not.  If  solution  2a  be  taken  as  a  standard 
equal  to  100,  it  was  found  that  fresh  dilutions  of  the  samples  tested 
showed  the  foUowing  relative  efficiency: 


Efficien- 
cy of  a. 


Efflcien- 
cy  of6. 


Preparation  1 
Preparation  2 
Preparation  3 
Preparation  4 


70 
100 


63 
Nil. 


The  keeping  quality  was  estimated  by  afiowing  1 :  50  dilutions  of 
1:1000  solutions  to  stand  a  specified  time  and  then  observing  the 
physiological  efficiency  and  the  change  of  color.  The  efficiency  of  the 
preparations  varied  greatly;  taking  the  best  sample  as  100,  the 
others  were  found  to  have  a  value  of  95,  86,  70,  63,  and  0. 

The  stability  of  the  various  samples  was  more  constant,  but  all  of 
them  when  diluted  were  practically  worthless  after  24  hours'  stand- 
ing, as  will  be  seen  in  the  following  table: 


Preparation 


After 
two  days. 


Discoloration   in — 


One  day.        Two  days. 


None 

None 

Dark  pink 

Dark  pink 

None 

None 

Light  pink 

Light  pink 


None. 


None. 
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In  view  of  the  deterioration  of  such  preparations  as  the  above,  a 
dating  and  returning  system  similar  to  that  in  vogue  for  antitoxin 
sera  is  suggested. 

Crawford,  1907  (2),  gives  an  excellent  discussion  of  the  various 
methods  for  testing  epinephrin  solutions,  and  calls  attention  to  the 
necessity  of  additional  work  along  the  lines  of  physiological  assay. 

Gunn  and  Harrison,  1908  (3),  made  a  rather  careful  study  of  the 
factors  supposed  to  mfluence  the  rate  of  deterioration  of  epinephrin 
solutions.  The  effect  of  acids  and  traces  of  alkalies  and  iron  were 
also  tested.  In  addition  the  influence  of  atmospheric  oxygon  and  of 
light  were  tested  upon  solutions  put  up  in  plain  and  i)arallinod  con- 
tainers. A  part  of  these  solutions  was  then  tested  by  the  blood- 
pressure  method  and  the  relative  activit}"  determined.  Solutions 
in  full  bottles  containing  twice  the  minimal  amount  of  IICl  necessary 
to  dissolve  the  base  were  twice  as  active  as  those  containing  only  a 
minimum  amount  of  IICl.  After  14  days  the  former  showed  no  color, 
whereas  the  latter  were  a  dark  red.  Solutions  in  saturated  boric  acid 
free  from  iron  kept  8  weeks,  and  were  twice  as  active  as  similar  solu- 
tions in  ordinary  medicinal  boric  acid.  Some  solutions  7  montlis 
old  were  deep  red  in  color  and  were  inactive.  Solutions  kept  in 
bottles  only  half  full  invariably  changed  color. 

EXPERIMENTAL. 

In  testing  the  relative  })hysiological  activity  of  epinephrin  and 
epinephrin-like  compounds  it  has  been  found  that  dogs  yield. the  most 
constant  and  uniform  results.  The  method  used  is  jn-actically  that 
describetl  in  Bulletin  55  of  the  Hygienic  Laboratory. 

Heretofore  in  purely  scientific  investigations  there  seems  to  have 
l)Oon  no  attempt  to  use  a  standard  preparation  of  epinephrin  base  as 
a  luiil  in  determining  the  relative  activity  of  connnercial  vaso- 
constrictors. Yet  the  relative  rise  of  blood  pressure  after  alternate 
and  successive  intravenous  injections  of  a  1:50,000  solution  of  jmrc 
epinephrin  base  and  an  e([uivalent  amount  of  the  drug  to  be  standard- 
ized is  the  most  accurate  method  of  physiological  assay  at  present 
known.  At  least,  all  epinoplirin-like  bodies  can  be  thus  assayed,  and 
other  vaso-constrictorstimuliints  might  also  be  compared  with  it  and 
referred  to  in  terms  of  epinephrin  base.  The  optical  activity  of  the 
staiidaid  ei)inephrin  base  ought  to  be  known  and  its  purity  assured. 
Wlien  once  a  })ure  sample  is  obtaineil  it  ought  to  be  kept  in  a  (hirk,  dry 
place  in  a  container  well  sealed.  How  long  such  a  sample  retains  its 
original  activity  remains  to  be  determined.  The  sample  used  here 
has  sjiowu  no  deterioration,  though  it  has  be(Mi  kept  over  a  year. 
All  stanchird  solutions  should  be  made  up  as  need(Ml,  preferably 
1  gram  of  l)ase  to  1,000  c.  c.  of  normal  saHne.  Tlie  saline  solution 
being  ucitlulated  with  twice  the  calculated  amount  «)f  IK  "1  necessary  to 
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foftn  the  chloride.  This  stock  solution  is  then  diluted  as  needed,  10  to 
SO  c.  c.  of  the  required  dilution  being  rnade  at  a  time.  In  the  present 
experiment  this  standard  1 :  l,OOOsolutionwas  labeled  Aand  kept  under 
exactly  th^  Same  conditions  as  the  conilnercial  preparations  to  be 
tested.  In  order  to  eliminate  the  possibility  of  bias,  all  preparations 
were  marked  by  letters,  so  that  the  person  testing  them  did  not  know 
the  brand  tested  until  after  the  results  had  been  tabulated.  It  was 
only  after  all  of  the  tests  had  been  made  and  the  tables  herein  con- 
tained were  made  out  that  the  names  became  known  and  were  pre- 
fixed to  the  letters  as  indicated  below. 

The  commercial  preparations  are  in  two  series.  One  series,  "cZ," 
received  directly  from  the  manufacturers  and  marked  B'^,  C'^,  E^,  etc. 
The  other  series,  "m,"  composed  of  the  same  preparations,  was 
bought  on  the  open  market  and  labeled  B™,  C",  E'",  etc.  Each  of 
series  "d"  was  first  tested  in  such  a  manner  that  1  c.  c.  injections  of 
a  given  sample  yielded  the  same  rise  of  blood  pressure  as  1  c.  c.  of 
A.  If,  perchance,  1  c.  c.  of  a  1:100,000  solution  of  A  caused  the 
same  rise  of  blood  pressure  as  did  1  c.  c.  of  a  1:100,000  solution  of 
B*^,  then  a  concentration  of  A  and  B^  were  checked  against  each  other. 
If  the  individual  readings  of  each  set  agreed,  nothing  more  was  done, 
as  a  rule,  than  to  duplicate  readings.  On  the  other  hand,  if  the  solu- 
tion B'^  proved  weaker  than  A,  then  A  was  diluted  or  a  stronger  solu- 
tion of  B*^  was  made,  and  so  on  until  a  concentration  was  found  at 
which  1  c.  c.  injections  of  each  of  the  two  solutions  caused  the  same 
rise  of  blood  pressure.  Then  the  concentration  of  each  was  doubled 
or  halved  and  a  second  set  of  readings  taken  as  a  check. 

In  the  first  series  of  tests  labeled  A^,  B^^,  B"^,  etc.,  the  commercial 
samples  were  not  opened  until  the  morning  of  the  experiment,  at 
which  time  three  to  four  samples  were  opened  and  2  c.  c.  measured 
out  into  a  clean  ground-glass  stoppered  bottle  by  means  of  a  steril  2 
c.  c.  pipette  graduated  in  0.05  c.  c,  three  samples  of  each  being  taken. 
Samples  A^,  B'^\  C^S  and  E^^  were  then  diluted  as  needed,  to  1 :  10,000, 
and  further  dilutions  made  from  this  in  the  course  of  the  day's  experi- 
ment, 5  to  10  c.  c.  of  each  sample  being  made  just  before  using  for  a 
given  set  of  injections.  The  other  numbers  of  the  set,  A^,  B^-,  A^, 
B^^,  etc.,  were  put  away  in  a  dark,  cool  place  for  later  observations. 
If  the  solution  when  diluted  showed  no  color,  great  care  was  taken 
not  to  compare  a  diluted  sample  that  later  showed  a  trace  of  color 
with  a  sample  not  showing  any  color.  .  On  the  other  hand,  if  the 
original  1 : 1,000  solution  was  colored,  and  consequently  the  1 :  10,000 
dilution  colored,  I  endeavored  to  work  with  dilutions  corresponding 
to  the  diluted  tint  of  the  1 :  10,000,  but  compared  it  with  colorless  A. 
In  other  words,  some  solutions  showed  a  greater  tendency  to  turn 
red  and  even  brownish  more  quickly  than  others,  but  the  quantities 
of  such  a  solution  made  up  at  a  given  time  were  such  as  to  give  it 
©very  advantage  possible  in  reading  its  greatest  strength. 
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RESULTS  OBTAINED  BY  COMPARING  COMMERCIAL  EPINEPHRIN  SOLUTIONS  WITH 
A  STANDARD  SOLUTION  OF  EPINEPHRIN  BASE. 

A.    SERIES  D  RECEIVED  FROM  THE  MANUFACTURERS  OR  THEIR  AGENTS. 

In  Ta})le  I  A  it  will  be  seen  that  1  c.  c.  of  a  1:200,000  solution  of 

epineplirin  base  causes  the  same  rise  of  blood  pressure  as  does  1 

c.  c.  of  a  1 :  100,000  solution  of  adnephrin.    And  in  part  B  of  the  same 

table  a  1:100,000  solution  of  epineplirin  base  is  the  equivalent  of  a 

1 : 50,000  adnephrin  solution.     From  these  results  it  would  seem  tliat 

the  adnephrin  solution  contains  only  one-half  the  active  principle 

indicated  on  the  label.     Judghig  from  the  comparative  results  given 

in  Table  XIV  the  keeping  property  of  this  solution  is  good,  since  the 

changes  in  color  and  in  physiological  activity  undergone  in  the  course 

of  10  days,  after  having  been  diluted  to  one-tenth  its  Libeled  strength, 

is  but  slight. 

Table  I.— Showing  rises  of  blood  pressure  following  intravenous  injections  of  adnephrin 

and  epinephrin. 

A. 


base  used  as  a  standard,  being  made  up  fresh  on  the  morning  of  tiie  experiment 


Solution  injected. 


Curare 

Adnephrin  solution  B^. 
Epinephrin  solution  A". 

Adnephrin  solution  IJ''. 
Epinephrin  solution  A" 

Adnephrin  solution  B"*. 
Epinephrin  solulion  A« 
Adnephrin  solution  B''. 


Injec- 
tion. 


No. 


Amount 
injected. 


C.c. 


Concentration  of 
solution. 


Base. 


Oram. 


Normal 
saline. 


C.c. 


100,000 
200,000 

100,000 
200,000 

100.000 
200,000 
100,000 


Time  of 
injection. 


P.m. 
4.13 


4.48 
4.49 


5.17 
5.19 


5.20 
5.21 


Blood  pressure,  measured 
by  a  mercury  manom- 
eter. 


Before.      After.      Rise. 


M.m. 


137.0 
136. 4 

153.6 
153.4 

153.2 
l,i2.  2 
152. 8 


M.m. 


170.4 
170. 2 

187.8 
188.6 

187.4 
1S6.  4 
187.4 


M.m. 


IBlood-pressure  experiment  0.    Young  female  hound,  weight  13.4  kilograms,  .subcutaneous  inj.Hilon    i 
morphine  sulphate  135  milligrams.    Balance  of  legend  same  as  that  of  experiment  l.J 


Curare 

Epinephrin  solution  Ad. 
.\ilnephrln  solution  B"*. . 

Epinephrin  solution  \^. 
.\dnpphrin  solulion  B<1. . 
Ejilnephrln  solution  A'. 

Epinephrin  solution  A". 
Adnephrin  solution  B"*. . 


98 

111 
112 

123 
124 
125 

113 
114 


100,000 
50,000 

100,000 
50,000 
100,000 

100,000 
50,000 


5.6 

5.46 
5.48 

6.25 
6.27 
6.29 

5.49 
5.51 


100.8 


90.2 
92.2 
94.6 

98.0 
98.6 


119.8 
118.6 

112.8 
114.4 
115.0 

121.8 
121.0 


19.0 
20.0 

'22.6 
22  2 

22.4 


'ral)l(>  II  shows  tluit  the  samples  of  adrenalin  tested  compare  very  ] 
favorably  with  fresh  solutions  of  the  standard  solution  A.  Its  keep-  ; 
ing  qualities  are,  however,  not  equal  to  some  of  the  other  prei)ara-  i 
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tions  tested.  As  will  be  seen  in  Table  XIV,  this  is  evidenced  by  the 
loss  of  not  a  little  of  its  vaso-constrictor  action  and  also  hj  the  ap- 
pearance of  considerable  color  after  having  been  diluted  to  one-tenth 
of  its  labeled  strength. 

Table  II. — Showing  rises  of  blood  pressure  following  intravenous  injections  of  adrenalin 

and  epinephrin. 


[Blood-pressure  experiment  No.  1.    See  legend  to  Table  I.) 


Solution  injected. 

Injec- 
tion. 

Amount 
injected. 

Concentration  of 
solution. 

Time  of 
injection. 

Blood  pressure,  measured 
by  a  mercury  manom- 
eter. 

Base. 

Normal 
saline. 

Before. 

After. 

Rise. 

Curare 

No. 
49 

87 
88 

89 
90 

93 
94 

95 
96 

C.c. 

Gram. 

C.c. 

P.m. 
4.13 

5.30 
5.31 

5.32 
5.34 

5.38 
5.39 

5.40 
5.41 

M.  m.      M.  m. 

M.m. 

Adrenalin  solution  C^ 

Epinephrin  solution  Aa 

Adrenalin  solution  C^ 

Epinephrin  solution  A* 

Adrenalin  solution  C^ 

Epinephrin  solution  Aa 

Adrenalin  solution  C^ 

Epinephrin  solution  A* 

100,000 
100,000 

100,000 
100,000 

100,000 
100,000 

100,000 
100,000 

153.0 
154.4 

153.4 
151.0 

153.4 
152.0 

153.6 
156.0 

192.0 
193.2 

191.6 
188.0 

188.4 
188.0 

188.2 
190.6 

39.0 

38.8 

37.2 
37.0 

35.0 
36.0 

34.6 
34.0 

B. 


[Blood-pressure  experiment  No.  7.    Old  hound,  weight  30  kilograms,  subcutaneous  injection  of  250  milli- 
grams morphine  sulphate.    Balance  of  legend  the  same  as  that  to  Table  I.] 

Curare 

17 

70 
71 

1 

1 
1 

12.34 

1 

Adrenalin  C^ 

1 
1 

50,000 
50,000 

2.54 
2.55 

49.8 
41.8 

70.6 
61.4 

20  8 

Epinephrin  A' 

19.6 

Table  III  shows  that  the  fresh  solutions  of  adrin  tested  should  be 
labeled  1:1,000  instead  of  1:500,  since  it  requires  1  c.  c.  of  a 
1 :  50,000  solution  of  adrin  to  cause  the  same  rise  of  blood  pressure 
as  does  1  c.  c.  of  a  1 :  100,000  solution  of  epinephrin  base.  Judging 
from  Table  XIV  it  would  seem  that  the  color  changes  of  tliis  solu- 
tion are  not  a  good  criterion  by  which  to  gauge  the  degree  of  deteri- 
oration undergone  in  a  given  solution.  The  usual  characteristic 
red-orange  color  of  the  slightly  decomposed  solution  of  pure  epinephrin 
is  so  faint  that  one  accustomed  to  the  color  changes  of  ordinary 
epineplirin  dissolved  in  acidulated  sahne  might  judge  the  solution 
to  be  of  normal  activity,  whereas  physiological  assay  would  show 
the  solution  to  be  worthless.  This  is  brought  out  clearly  in  Tal)le 
XIV.  Here  it  is  shown  that  a  solution  one-tenth  the  labeled  con- 
centration, if  allowed  to  stand  10  days,  develops  only  a  moderate 
deptli  of  color,  whereas  it  so  loses  in  physiological  activity  that  0.5 
c.  c.  no  longer  causes  a  rise  of  blood  pressure. 
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Table  111.— Showing  rises  of  blood  pressure  following  intravenous  injections  of  adrina 

and  epinephrin. 

[Blood-pressure  experiment  No.  1.    See  legend  to  Table  I.] 


Solution  injected. 

Injec- 
tion. 

Amount 
injected. 

Concentration  of 
solution. 

Time 

of 

injection. 

Blood  pressure,  measured 
by  a  mercury  manom- 
eter. 

Base 

Normal 
saline. 

Before. 

After. 

Rise. 

No. 
49 

103 
104 

108 
109 
110 

115 
110 

124 
125 
126 

C.c. 

Gram. 

1 

C.c. 

P.m. 
4.13 

5.54 
5.57 

6.6 
6.8 
6.10 

6.19 
6.21 

6.35 
6.38 
6.43 

M.m. 

M.m. 

M.m. 

Epinephrin  solution  A» 

100,000 
50,000 

50,000 
100,000 
50,000 

100,000 
50,000 

50.000 

162.0 
156.6 

168.6 
170.0 
163.4 

167.2 
168.2 

169.4 
172.6 

209.4 
203.0 

208.4 
211.0 
203.8 

209.0 
210.0 

205.4 
209.2 

47.4 
46.4 

39.8 

Epinephrin  solution  A" 

41.6 
40.4 

Epinephrin  solution  A" 

41.8 
41.8 

36.0 

Epinephrin  solution  .V" 

Curare 

100.000 

36.6 

a  This  solution  is  labeled  1: 500. 

Tabic  IV  shows  that  this  preparation  compares  very  favorably 
with  the  standard  preparation.  Its  kce{)ing  i)roperties  are  also  very 
good,  for,  judging  from  Table  XIV,  the  change  in  color  and  in  physio- 
logical activitv  of  a  1 :  10,000  solution  allowed  to  stand  10  days  is  but 
.slight. 

Table  IX. —Showing  rises  of  blood  pressure  following  intravenous  injections  of  supra- 

capsulin  and  epinephrin. 

[Blood  pressure  e.xperiment  No.  fi,  October  15,  1909.    Voimg  female  hound,  weight  13  4  kiloprams,  subcu- 
taneous  injection  of  135  milligrams  morphine  sulphate.    Balance  of  legend  same  as  that  of  1  able  I,  A.) 


Injec- 
tion. 

Concentration  of 
solution. 

Time 

of 
injec- 
tion. 

Blood  pressure,  measured 
by  a  mercury  manometer. 

Solution  injocterl. 

injected. 

Base. 

Normal 
saline. 

Before. 

After. 

Rise. 

No. 
4 

9 
10 

11 
12 

13 
14 

15 
16 
17 

C.c. 

i 

Oram. 

C.c. 

A.  m. 
11.53 

P.m. 
12. 19 
12.21 

12.23 
12.25 

12.29 
12.31 

12.32 
12.37 
12.39 

M.m. 

M.m. 

M.m. 

Epinephrin  solution  A'' 

Supraoapsulin  solution  F'' — 

Epinephrin  solut  Ion  .\i' 

Supracapsulin  solution  F'' 

Epinephrin  solution  .\'' 

Supraoapsulin  solution  F>' 

Epinephrin  solution  .\'' 

Supracapsulin  solution  F"* 

Epinephrin  solution  A<i 

1 
1 

1 

1 
1 

1 
1 

1 

100.000 
100,000 

100,000 
100,000 

100,000 
100,000 

100.000 
100,000 
100,000 

P.m. 
124.2 
121.2 

121.8 
120.4 

124.2 
121.0 

122.0 
126.0 
124.4 

P.m. 

I.'i0.4 
149.6 

149.6 
149.0 

151.6 
147.8 

l.W.O 
1.50.0 
149.0 

P.m. 

20.2 
28.4 

27.8 
28.6 

27.4 
20.2 

28.0 
24.0 
2S.S 

B. 

Supmcnp.siilin  solution  F"" 

K.pinephrin  solution  A' 

Supriu-apsulin  solution  F") 

Epinephrin  solution  A' 

Supnu'apsulin  .solution  F''  — 

Epinephrin  .solution  \- 

Supr.icai)sulin  solution  F-' 

SnpnicaiisuliTi  solution  l''i 

Eliiiiephrlii  solution  X- 

Supriu-apsulin  solution  F'' 

71 
72 
73 

84 

N5 

SO 
87 

79 
80 

SI 

. 

50,000 
50,000 
50.000 

.'JO.OOO 
.''lO.OOO 

50,000 
50,000 

.W,00() 

fio,aK) 

50,000 

3.54 

3.  .W 

4.21 
4.23 

4.25 
4.27 

4.11 

4.  13 
4.  15 

160.4 
1.58.8 
158.4 

148.6 
149.8 

l.M.O 
143.8 

l.'-J.O 
l.W.  2 
1.V..0 

185.8 
184.0 
185.6 

173.0 
174.4 

176.2 
160.0 

181.6 
18.3.6 
182.4 

2.^.4 
20.0 
27.2 

25.0 
24.6 

•22.2 
■*2.t 

24.6 
•24.4 

•26.8 
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I  Table  V  gives  results  which  indicate  that  the  samples  of  suprare- 
f  nalin  solution  tested  are  less  active  than  may  be  inferred  from  the 
concentration  indicated  on  the  label.  Part  A  shows  that  1  c.  c. 
injections  of  a  1 :  50,000  solution  of  suprarenalin  causes  the  same 
rise  of  blood  pressure  as  does  a  similar  injection  of  a  1 :  75,000  solu- 
tion of  epinephrin.  In  part  B  a  1 :  25,000  solution  is  the  equivalent 
of  a  1 :  35,000  solution  of  epinephrin.  Judging  from  the  data  of 
Table  XIV  the  keeping  qualities  of  this  solution  are  fairly  good,  for 
after  standing  ten  days  the  diluted  solution  loses  but  little  of  its 
original  physiological  activity. 

Table  V. — Showing  rises  of  blood  pressure  following  intravenous  injections  of  supra- 
renalin and  of  epinephrin. 

[Blood  pressure  experiment  No.  3,  September  13,  1909.    Young  male  dog,  weight  9.3  kilograms,  subcuta- 
neous injection  of  93  milligrams  of  morphine  sulphate.    Balance  of  the  legend  same  as  that  of  Table  I,  A.] 

A. 


Solution  injected. 

Injec- 
tion. 

Amount 
injected. 

Concentration  of 
solution. 

Time 

of 
injec- 
tion. 

Blood  pressure,  measured 
by  a  mercury  manometer. 

Base. 

Normal 
saline. 

Before. 

After. 

Rise. 

Epinephrin  solution  A'^ 

Suprarenalin  solution  G<i 

Epinephrin  solution  At 

Epinephrin  solution  Ai> 

Suprarenalin  solution  G<i 

Suprarenalin  solution  G^ 

No. 
150 
151 
152 

153 
154 

179 

180 

181 

C.c. 

1 
1 
1 

1 
1 

1 

i 
1 

Gram. 
1 
1 

1 

1 

1 

1 

C.c. 

75,000 
50,000 
75, 000 

75,000 
50,000 

50,000 

P.  TO. 

6.44 
6.40 
6.50 

6.52 
6.57 

M.  m. 
127.6 
127.4 
135.6 

134.0 
140.8 

152.4 

M.  ni. 
170.8 
169.0 

177.4 

177.0 
184.4 

195.8 

if.  m. 
43.2 
41.6 
41.8 

43.0 
43.6 

43  4 

Curare 

Epinephrin  solution  A^ 

1 

70, 000 

138.4 

180.4 

42  0 

B. 


Curare.. 

Suprarenalin  solution  Gd 
Epinephrin  .solution  A''. . 
Suprarenalin  solution  Gd 

Epinephrin  solution  Ab.. 
Suprarenalin  solution  Gd 

Suprarenalin  solution  G'l 
Epinephrin  solution  Ab. . 


163 
164 
165 

167 
168 

174 

175 


25,000 
35,000 
25,000 

35,000 
25,000 

25,000 
35,000 


6.8 


7.50 
7.53 


141.4 
136.8 
138.2 

150.0 
158.6 

144.0 

148.2 


199.4 
195.4 
197.6 

205.2 
214.2 

194.4 
200.0 


58.0 
58.6 
59.4 

55.2 
55.6 

50.4 
51.8 


Table  VI. — A  and  B  contain  data  that  shows  synthetic  suprarenin 
solution  to  be  only  one-lialf  as  active  as  epinephrin  solution.  Wlien 
1  c.  c.  injections  are  made  it  is  necessary  in  order  to  secure  like  rises 
of  blood  i)rossure  to  employ  a  1 :  50,000  solution  of  synthetic  suprarenin 
against  a  1 :  100,000  solution  of  epinephrin  base  or  some  similar  ratio 
as  1 :  25,000  against  a  1  :  50,000.  So  it  is  Avell  to  boar  in  mind  that  this 
commercial  solution  as  now  made  up  is  only  one-half  as  active  as 
1 : 1,000  solutions  of  the  natural  epinephrin  base. 
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The  keeping  qualities  of  solutions  of  synthetic  suprarenin  are  ap- 
parently very  good  when  kept  properly  sealed  in  the  original  package, 
but  when  diluted  and  kept  under  the  conditions  described  m  connec- 
tion with  Table  XIII  it  is  very  much  inferior  to  the  best  solutions  of 
ephmephrin.  This  is  shown  both  by  the  rapid  change  in  color  and 
by  an  appreciable  loss  in  physiological  activity. 

Table  Yl.—Showiyuj  rises  of  blood  pressure  following  intravenous  injections  synthetic 

suprarenin  and  of  epinephrin. 

[Blood  pressure  experiment  No.  3.    Sec  legend  to  Table  V,  A.] 

A. 


Solution  injected. 


Injec- 
tion. 


Suprarenin,  synthetic  H''. 
ICpinephrin  \> 


No. 


Kpinephrin  A*" 

Suprarenin,  sjTithetic  11'' 


Epinephrin  A^ 

Suprarenin,  synthetic  H''. 


Kpinephrin  X^ 

Suprarenin,  synthetic  11'' 


Kpinephrin  A** 

Suprarenin,  sj-nthetic  II''. 


Kpinephrin  .V' 

Suprarenin,  synthetic  II''. 


113 
114 


115 
116 


119 
120 


121 
122 


Amount 
injected. 


C.c. 


Concentration  of 
solution. 


T>  ,„„       Normal 
^^-       saline. 


Gram. 
1 
1 

1 

1 

1 
1 

1 
1 

1 
1 

1 
1 


C.c. 
50.000 
100,000 

100.000 
50,000 

100,000 
50.000 

100,000 
50,000 

100.000 
50,000 

100.000 
50,000 


Time  of 
injection, 


Blood  pressure,  measured  J 
by  a  mercury  manometer. ; 


Before. 


After.      Rise. 


P.  m. 
1.43 
1.45 

5.12 
5.14 

5.16 
5.18 

5.24 
5.26 

5.28 
5.30 

5.41 
5.43 


M.m. 
12a  4 
127.4 

144.2 
140.2 

140.0 
14a  4 

144.6 
143.4 

140.8 
144.6 

154.8 
14&4 


M.m. 
158.8 
158.8 

171.6 
169.4 

167.4 
174.0 

173.8 
172.  2 

171.8 
177.0 

188.6 
180.2 


M.m. 
30.4 
30.6 

27.4 
29.2 

27.4 
27.6 

29.2 
28.8 

31.0 
32.4 

33.8 
33.8 


B. 

Suprarenin,  synthetic  n<i 

132 
133 
134 

1 

1 
1 

1 
1 
1 

25.000 
50,000 
25.000 

4.49 
4.55 
4.57 

148.8 
140.0 
134.8 

196.6 
196.4 
189.0 

57.1 
66.' 

ii 

Suprarenin,  synthetic  H<1 

B.    SERIES    .V    BOUGTIT     I^POX    THE    OPEN    MARKET    FROM    A    RELIABLB    | 

I'll  ARM  AC'IST. 

I 
I 

Tdhh  VII.  A  and  B,  show  lliiM  (h(>  sniiiplc.s  of  iidncphrin  tested  | 
arc  onlv  aboui  onc-lialf  as  ac(iv(>  as  an  (•])inc])lirin  sohition  of  the  same  \ 
concentration  (as  given  on  the  lab(>l).  The  kee])ing  ])ro|)eily  of  this  r 
sohilion  is  about  tlie  same  as  that  of  B''  described  in  Tables  1  and  i 
XIV.  j 


17 

Table  Yll.— Showing  rises  of  blood  pressure  following  intravenous  injections  of 
adnephrin  and  of  epinephrin. 

[Blood  pressure  experiment  No.  4,  September  15,  1909.    Young  female  dog,  weight  9  kilograms,  subcu- 
taneous injection  of  90  milligrams  of  morphine  sulphate.    Balance  of  legend  the  same  as  that  to  Table  I,  A.] 


Solution  injected. 


Curare 

Adnephrin  B^ 

Kpinephrin  A<: 

Adnephrin  B^. 
Epinephrin  A"; 

Epinephrin  A" 
Adnephrin  B'^ 
Epinephrin  A'' 

Epinephrin  A^ 
Adnephrin  B™ 

Curare 

Epinephrin  Ai' 
Adnephrin  B™ 

Curare 

Epinephrin  A<: 
Adnephrin  B^, 

Epinephrin  A" 
Adnephrin  B™, 


Injec- 
tion. 


Amount 
injected. 


No. 


C.c. 


Concentration  of 
solution. 


Normal 
saline. 


Gram. 


Cc. 


50,000 
100,000 

50,000 
100.000 

100.000 
50,000 
100,000 

100,000 
50,000 


Time  of 
injection. 


Blood  pressure,  measured 
by  a  mercury  manometer. 


Before.      After. 


P.  m. 
12.32 

12.59 
1.2 

1.4 
1.6 

1.10 
1.12 
1.14 

1.30 
1.32 


M.  m.      M.  m. 


144.6 
140.0 

140.8 
141.8 

136.  2 
136.4 
139.4 

140.2 
141.0 


109. 8 
163.6 

166. 8 
167.6 

163.8 
164.0 
168.2 

164. 0 
166.6 


Rise. 


M.  m. 


25.2 
23.6 

26.0 
25.8 

27.6 
27.6 
28.8 

23.8 
25.6 


B. 


55,000 
25,000 


50,000 
25,000 


50,000 
25,000 


2.50 


3.20 
3.22 


3.34 


3.48 
3.50 


3.53 
3.55 


151.4 
147.8 


133.4 
128.8 


144.2 
147.4 


225.6 
221.0 


208.0 
202.8 


197.8 
201.4 


74.2 
73.2 


74.6 
74.0 


53.6 
54.0 


Table  VIII  shows  about  the  same  resuhs  as  were  described  in  con- 
nection with  Table  II.  That  is,  the  solution  tested  gives  the  same 
rise  of  blood  pressure  as  does  the  standard  epinephrin  solution. 
Judging  from  the  results  given  in  Table  XIV,  this  particular  sample 
has,  however,  inferior  keeping  qualities  to  that  described  in  connec- 
ti(Mi  with  Table  II. 
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Table  VIII. — Showing   rises   of  blood  pressure  following   intravenous   injections   of] 

adrenalin  and  epinephrin.  i 

[Blood  pressure  experiment  Xo.  4.    See  legend  to  Table  Vll.] 

A. 


Solution  injpctc< 


Curare. 


Adrenalin  C™. 
Kpinephrln  A>: 

Adrenalin  O" . 
Epinephrin  A"- 
Adrenalin  C^. 

Epinephrin  A" 
Adrenalin  0"°. 


I 


Injec- 
tion. 


No. 
164 


166 
167 


168 
169 
170 


171 
172 


Amount 
Injected. 


C.c 


Concentration  of  Blood  pressure,  measured 

solution.         '  by  a  mercury  manometer. 

J  Time  of 
injection. 


Base. 


Gram. 


Normal 
saline. 


C.c. 


50,000 
50,000 

50,000 
50,000 
50,000 

50.000 
50,000 


P.m. 
8.55 

9.4 
9.6 

9.8 
9.11 
9.13 

9.15 
9.17 


Before. 


M.m 


After. 


M.m. 


154.2 
158.2 

161.8 
157.0 
158.0 

151.0 
154.0 


221.4 
224.  4 

220.2 
216.2 
218.0 

218.0 
221.2 


Rise. 


M.m. 


67. 2T 

66.2 

58.4 
59.2 
60.0 

(iS.O 
07.2 


178 
179 

1 
1 

25,000 
25,000 

9.34 
9.36 

154.8 
153.6 

254.4 
254.0 

99.6 

Epinephrin  A' 

100.4 

Adrenalin  C" 

Epinephrin  A« 

Adrenalin  C'" 

180 
181 
182 

1 
1 
1 

25,000 
25,000 
25,000 

9.38 
9.40 
9.42 

150.2 
152.0 
147.8 

242.8 
242.0 
239.4 

92.6 
90.0 
91.6 

Epinephrin  A<: 

Adrenalin  C°> 

183 
184 

5 
A 

25.000 
25,000 

9.44 
9.46 

154.0 
155.2 

229.0 
228.4 

75.0 
73.2 

Epinephrin  A" 

187 
188 

1 
1 

25,000 
25,000 

10.00 
10.2 

152.0 
150.4 

258.0 
257.6 

106.0 
107.2 

Tahh  IX. — This  adrin  solution  differs  greatly  from  the  one 
described  in  connection  with  Table  III.  From  the  data  given  in  this 
table  it  would  seem  that  the  sample  had  greatly  deteriorated,  for  in 
order  to  secure  rises  of  blood  pressure  that  could  be  used  with  any 
degree  of  certainty  the  original  solution  of  adrin  had  to  be  used  in  a 
concentrated  form.  A  1:  15,000  solution  of  adrin  caused  the  same 
rise  of  blood  pressure  as  does  a  1:200,000  epinephrin  solution  (see 
part  A,  Table  IX),  or  a  1 :  7,500  solution  of  this  sample  is  tiio  ccpiiva- 
lent  of  a  1:200,000  ej)inephrin  solution.  It  would  seem  that  the 
chief  cau.se  of  tliis  deterioration  is  to  be  attributed  to  the  inethod  of 
j)reserving. 

Table  XIV  shows  that  all  the  saini)les  of  a(h-in  tested  deteiioiated 
rapidly  when  once  diluted  and  at  the  time  of  buying  this  |)!(«paration 
ujyon  the  op(>n  niaiki-t  the  first  sample  had  to  be  returned  on  account 
of  its  bad  appearance. 
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Table  IX. — Showing  rises  of  blood  pressure  following  intravenous  injections  of  adrin 

and  of  epinephrin. 

[Blood  pressure  experiment  No.  6.    See  legend  to  Table  I,  B.] 
A. 


Solution  injected. 


Adrin  D".... 
Epinephrin  A 
Adrin  Dm.... 
Epinephrin  A 

Curare 

Epinephrin  A 
Adrin  D°i.... 

Epinephrin  A 
Adrin  D'".... 

Adrin  D™ 

Epinephrin  A 
Adrin  Dm.... 


Injec- 
tion. 


No. 
89 
90 
91 
92 


Amount 
injected. 


C.  c. 


Concentration  of 
solution. 


Base. 


Normal 
saline. 


Time  of 
injection. 


Gram. 

C.c. 

1 
1 
1 

1 

15,000 
400,000 

15,000 
400,000 

P.  TO. 

4.32 
4.34 
4.35 
4.36 


Blood  pressure,  measured 
by  a  mercury  manometer. 


Before.      After.      Rise. 


M.m. 
140.6 
136.4 
134.4 
138.0 


M.  m. 

147.4 
141.8 
139.8 
143.2 


M:  m. 

6.8 

5.4 
5.4 
5.2 


B. 


99 
100 

102 
103 

105 

106 

107 


200, 000 
7,500 

200, 000 
7,500 

7,500 

200,000 

7,500 


5.6 

5.9 
5.10 

5.11 
5.12 

5.16 
5.17 
5.18 


88.0 
91.0 


93.8 
95.4 


99.8 
99.8 
102.6 


102.4 
102.6 

106.0 
108.6 
107.6 


8.6 
7.2 

7.2 
8.8 
5.5 


The  results  given  in  Table  X  show  the  sample  tested  to  be  only 
about  one  fourth  as  active  as  the  standard  epinephrin  solution.  It 
is  evident  that  this  preparation  had  deteriorated,  for  not  only  was 
the  solution  colored  but  there  was  present  a  granular  precipitate. 
(See  Table  XIV.)  Judging  from  the  results  recorded  in  Table  XIV, 
the  keeping  property  of  this  solution  is  not  very  good.  Color,  as 
observed  without  the  tintometer,  in  this  case,  is  not  a  very  safe  index 
of  the  extent  to  which  the  solution  has  deteriorated,  although  the 
presence  of  considerable  "neutral  tint"  in  all  probability  more  than 
makes  up  for  the  lack  of  red  and  yellow  color  measured  with  the 
tintometer.  Furthermore,  when  the  active  substance  begins  to 
precipitate  out  the  color  changes  may  come  to  a  standstill  or  grad- 
ually decrease  in  degree. 
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Table  X. — Showing  riaes  of  blood  pressure  folloiving  intravenous  mjections  of  caprenalii 

and  epinephrin. 

[Rlood  pressure  ex  )eriment  No.  7.    See  legend  to  Table  II.] 

A. 


Injec- 
tion. 

Amount 
injected. 

Concentration  of 
solution. 

Time  of 
injection. 

Blood  pressure,  measured 
by  a  mercury  manometer. 

Solution  Injected. 

Base. 

Normal 
saline. 

Before. 

After. 

Rise. 

No. 
17 

37 
38 

C.  c. 
1 

1 
1 

Gram. 

C.c. 

P.m. 
12.34 

1.24 
1.27 

M.m. 

M.m. 

M.m. 

1 
1 

40,000 
10,000 

80.6 
78.0 

111.0 
108.6 

30.4 

30.6 

Caprenalin  I'>. 
Epinephrin  A'. 
Caprcnalin  !•>. 

Epinephrin  A'. 
Caprcnalin  E">. 


20,000 
80,000 
20,000 

80,000 
20,000 


1.36 
1.39 
1.41 

1.48 
1.50 


62. 0 
63.6 
61.0 

60.0 
55.0 


78.2 
80.4 
77.2 

76.8 
70.8 


16.2 
16.8 
16.2 

16.8 
15.8 


Table  XI  shows  that  this  sample  of  supracapsulin  is  about  the 
equal  of  that  described  in  connection  with  Table  IV.  Judging  from 
the  results  given  in  Table  XIV,  its  keeping  properties  are  very  good. 

Taulk  XL—Showing  rises  of  blood  pressure  following  intravenous  injections  of  supra- 
capsulin and  of  epinephrin. 
[Blood  pressure  cxperiinont  No.  4.    See  legend  to  Table  VII.] 
A. 


Solution  injected. 


Curare . 


Supracapsulin  F" 
Eplni'])lirin  .\''.. . 

Snpriwai>sulin  F" 
lCi)incphrin  A"... 
Supraca])sulin  F" 


Supracapsulin  F" 
Epln(>))hrln  .K'... 
Supracapsulin  F" 


Injec- 
tion. 


No. 
79 

92 
93 

94 
95 
96 

100 

111 
112 
113 


Amount 
injected. 


C.  c. 


Concentration  of 
solution. 


Base. 


Oram. 


Normal 
saline. 


1  Time  of 
I  injection. 


Blood  pressure,  measured 
by  a  mercury  manometer. 


Before.      After.      Rise. 


C.c. 


50.000 
50,000 

50,000 
.'>0,000 
50,000 

Weak. 

.■id.tHX) 
.W.(XX) 
50,000 


P.  m. 
3.34 

4.32 
4.34 

4.36 
4.38 
4.39 

4.47 

.S.  17 
5. 19 
6.21 


M.m. 


158.2 
154.2 

l.-B.  4 
153.4 
153.4 


150.2 
l.'>4.0 
154.2 


M.m. 


210.4 
207.0 

206.  S 
207.4 
20ti.4 


205. 8 
2as.  0 
208.2 


M.m. 


52.3 
52.8 

53.4 
.54.0 
53.0 


.'■|5.6 
,'')4. 0 
54. 0 


Curare . 


ICplnephrln  A»... 
Supnicapsiilln  F" 

Kplncphrln  A".. . 
Supracapsulin  F" 

Epinephrin  A»... 
Supracapsulin  F" 


116 
U7 


118 
119 


120 
121 


2.5,000 
25,000 


25,0(K) 
25,000 


25,000 
25,000 


.5. 37 
.I.  40 


5.42 
5.44 


1.57.0 
148.8 


145.4 
133.0 


131.4 
130.8 


247. 0 
239.8 


246.  4 
234.2 


232.0 
230.0 


90.0 
91.0 


101.0 
101.  S 


100.0 

99.  a 


1 

Ip  The  results  of  Table  XII  show  that  the  suprarenaHn  sample  bought 
on  the  open  market  is  about  the  same  as  that  described  in  con- 
nection with  Table  V.  A  1:75,000  and  a  1:37,500  solution  of  epine- 
phrin  solution  causes  the  same  rise  of  blood  pressure  as  does  a  1 :  50,000 
and  a  1:25,000  solution,  respectively,  of  suprarenalin.  The  keep- 
ing properties  of  this  solution  are  about  the  same  as  that  described 
for  series  d.     (See  Table  Y.) 


Table  XII. — Showing  rises  of  blood  pressure  following  intravenous  injections  of  supra- 

rennlin  and  of  epinephrin. 

[Blood  pressure  experiment  No.  4.    See  legend  to  Table  VII.] 

A. 


Solution  injected. 


Curare 

Suprarenalin  G' 
Epinephrin  A". 

Suprarenalin  G' 
Epinephrin  A". 

Epinephrin  A-;. 
Suprarenalin  G' 
Epinephrin  A". 

Suprarenalin  G' 

Curare 

Epinephrin  A<^. 

Suprarenalin  G 
Epinephrin  A<^. 
Suprarenalin  G 

Epinephrin  A"'. 
Suprarenalin  G 


Injec- 
tion. 


No. 
134 


135 
136 


140 
141 


Amount 
injected. 


C.c. 


Concentration  of 
solution. 


Base. 


Gram. 


Normal 
saline. 


C  c 
Weak. 


50,000 
75,000 


50,000 
75,000 


Time  of 
injection. 


P.  m. 
7.3 


7.6 
7.8 


7.16 
7.18 


Blood  pressure,  measured 
by  a  mercury  manometer. 


Before.      After.      Else 


M.  m. 


168.4 
164.2 


160.0 
159.8 


M.  m. 


206.6 
203.8 


200.4 
200.8 


B. 


M.  m. 


38.2 
39.6 


40.4 
41.0 


146 
147 
148 

151 
151 
152 

158 
169 
160 

161 
162 


37,500 
25,000 
37,500 

25,000 

Weak. 

37,500 

25,000 
37,500 
25,000 

37,500 
25,000 


7.35 
7.37 
7.39 

7.45 
7.46 

7.48 

8.12 
8.13 
8.15 

8.18 
8.20 


141.4 
144.2 
140.2 

146.2 


155.4 
156.2 
153.2 

151.6 
153.2 


220.4 
224.0 
220.2 

215.8 


235.6 
235.8 
232.2 

227.2 
228.4 


79.0 
79.8 
80.0 

69.6 


80.2 
79.6 
79.0 

75.  6 
75.2 


The  results  given  in  Table  XIII  show  that  this  sample  of  synthetic 
suprarenin  when  used  fresh  has  about  the  same  activity  as  that 
described  in  connection  with  Table  VI.  The  keeping  properties  of 
this  solution,  according  to  the  data  of  Table  XIV,  seem  to  be  about 
the  same  as  that  in  series  d.  When  exposed  to  light,  as  were  sam- 
ples H*^^  and  H"'^,  the  one  belonging  to  the  m  series  kept  the  better 
of  the  two,  though  both  deteriorated  much  more  rapidly  than  did  the 
solutions  IP^  and  H'^^ 
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Table  XIII. — Showing  the  rises  of  blood  pressure  ctnsed  by  intravenous  injections  0/    ' 
synthetic  suprarenin  a7id  0/  epinephrin. 


[Blood  pressure  experiment  No.  fi.    See  legend  to  Table  I,  B.j 


I 


Solution  Injected. 


Curare. 


Epinephrin  A» 

Suprarenin  synthetic  H° 


Epinephrin  A' 

Suprarenin  synthetic  H". 

Suprarenin  synthetic  H". 
A" 


Epinephrin  . 


Injec- 
tion. 


No. 
57 


68 


Amount 
injected. 


C.c. 
0.8 


Concentration  of  filood  pi*«wlife,  tneasured 

solution.  by  a  mercury  nianonieter. 

Time  of 
injection. 


Base. 


Oram. 


Normal 
saline. 


C.c. 


P.  m. 


50,000 
25,000 

50,000 
25,000 

25,000 
50,000 


3.26 
3.28 


3.30 
3.32 


3.45 
3.47 


Before. 

After. 

Rise. 

M.m. 

M.m. 

M.m. 

165.8 
170.  G 

192.0 
197.6 

26.2 
27.0 

171.8 
175.6 

199.8 
202.6 

28.0 
27.0 

157.6 
156.0 

184.4 
184.4 

26.8 
28.4 

B. 
(Blood  pressure  experiment  No.  7.    See  legend  to  Table  II.] 


Curare. 


Epinephrin  A' 

Suprarenin  synthetic  H". 

Suprarenin  synthetic  H". 
Epinephrin  A' 


Epinephrin  Af 

Suprarenin  synthetic  11" 

Suprarenin  synthetic  H" 
Epinephrin  A' 


17 

19 
20 

1 

12.34 

12.37 
12.39 

1 

1 

100,000 
50,000 

83.0 
83.8 

100.0 
99.6 

25 
26 

25,000 
50,000 

12.53 
12.56 

91.0 
104.4 

111.8 
125. 4 

28 
29 

50,000 
25,000 

1.1 
1.3 

78.6 
82.4 

106. 6 
109.4 

31 
32 

25,000 
50,000 

1.7 
1.11 

89.6 
84.4 

111.2 
106.0 

17.0 
15.8 


20.8 
21.0 


28.0 
27.0 


21.6 
21.6 


TINTOMETER  MEASUREMENTS  OF  THE  DIFFERENT  SHADES  OF  COLOR  OBSERVED  IN 
COMMERCIAL  SAMPLES  OF  EPINEPHRIN. 

In  tostino;  coniniorcial  solutions  of  oi)inoj)hriu  tlio  niotliod  of  ox- 
pressing  tlio  amount  of  color  in  units  of  tlio  ordinary  coloriineti^r  is 
unsatisfactory;  for  not  only  do  tlio  solutions  dovoloj)  diiroront  dogjrees 
of  color  depth,  but  more  than  one  color  tint  is  involved.  This  intro- 
duction of  two  or  more  tints  retjuires  the  u.se  of  some  measuring 
dc\i(r  t liat  admitsof  indicatinjj;  the  exact  color  and  reproducino;  the 
visual  sensation  excited  by  the  solutions  in  (piestion.  Tiovibond's 
tintometer  meets  these  re(|uirements  admirably  and  was  us(m1  in 
niakiiii:;  readings  riM'ordcMl  in  TabLvs  Xl\'  ami  X\\  The  pi'e.sent 
section  <;ives  only  approximately  an  idea  of  the  relation  (>xisting 
between  tin*  color  of  a  commercial  solution  and  its  ])hysiolo<T:ical 
activity.  Here  we  ar(>  concciiKMl  oidy  with  such  relative^  values  as 
aid  in  convevin!^  a  <j;eiicral  idea  of  the  condition  of  the  solution  tested, 
and  hence  it  is  l(>ft  for  a  sul),s(>((uent  j)aper  to  discuss  more  in  detail 
the  relation  existing  between  the  different  shades  of  color  develoj)ed 
in  pure  solutions  of  e|)ine|)hrin  and  the  respective  ])hysiological 
activity. 
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It  is  well  known  that  epinephrin  solutions,  when  thus  diluted 
and  kept  in  half-filled  containers,  deteriorate,  as  a  rule,  quite  rapidly 
even  in  a  dark  place;  and  if  kept  in  a  well-lighted  room  in  color- 
less containers  they  lose  even  more  quickly  their  physiological 
activity.  It  is  also  well  known  that  different  commercial  samples 
vary  greatly  in  their  keeping  properties.  A  more  careful  examination 
into  this  phase  of  the  subject  seemed  well  worth  while,  and  to  this 
end  some  preliminary  experiments  have  been  made,  the  results  of 
which  are  summarized  in  Tables  XIV  and  XV. 

Table  XIY .—Showing  changes  in  color  and  in  physiological  activity  undergone   in  the 
course  often  days,  by  1:10,000  solutions  of  commercial  epinephrin  solutions. 


Laboratory 

number 
of  solution. 


Commercial  name  of 
solution. 


Adnephrin... 
Adnephrin... 

Adrenalin 

Adrenalin 

Adrin  1:500.. 
Adrin  1:1,000. 


Caprenalin 

Supraeapsulin 

Supracapsulin 

Suprarenalin 

Suprarenalin 

Suprarenin  synthetic. 
Suprarenin  synthetic. 

Suprarenin  sjTithetie. 

Suprarenin  synthetic. 


Oct.  19. 


Red. 


0.02 
.02 
.05 
.12 
.07 

1.25 


Yel- 
low. 


0.03 
.03 
.04 
.11 
.08 

1.60 


.40 
.03 
.04 
.03 

.27 

.or, 

.10 


0.02 
.02 
.14 
.45 
.15 

1.32 


.80 
.05 
.13 
.04 

.17 
.10 
.17 

.05 

.11 


Yel- 
low. 


0.03 
.03 
.15 
.27 
.14 

1.95 


.06 


Oct.  21. 


Red. 


0.04 
.04 
.40 

1.20 
.41 

1.40 


1.00 
.06 
.20 
.11 
.40 

1.10 
.89 


Yel- 
low. 


0.05 
.05 
.30 
.70 
.30 

2.10 


Oct.  22. 


Red. 


0.06 
.06 
.80 

2.10 
.70 

1.06 
Dark. 

1.08 
.25 
.35 
.34 
.50 
2.30 
1.38 

1.50 


Yel- 
low. 


0.08 
.08 
.40 

1.10 
.60 

2.20 

Ppt. 

.72 
.10 
.26 
.20 
.40 
.70 
.58 


Oct.  23. 


Red, 


0.06 
.06 
1.30 
3.10 
1.00 
1.15 
Blue. 

1.00 
.44 
.49 
.85 
.80 
3.20 
2.40 


.80 


Yel- 
low. 


0.08 
.08 
.78 

1.50 
.80 

2.30 
.90 

.72 
.18 
.18 
.55 
.50 
1.30 
1.10 

2.00 

.50 


Commercial  name  of 
solution. 


Adnephrin 

Adnephrin 

Adrenalin 

Adrenalin 

Adrin  1:500 

Adrin  1:1,000 

Caprenalin 

Supracapsulin 

Supracapsulin 

Suprarenalin 

Suprarenalin 

Suprarenin  synthetic. . 
Suprarenin  synthetic. . 

Suprarenin  synthetic. . 

Suprarenin  synthetic. . 


Oct.  24. 


Red, 


0.06 
.06 
2.10 
4.30 
1.00 
1.30 
Blue. 

1.00 
.60 
.70 
1.10 
1.00 
3.80 
3.00 

5.30 

1.10 


Yel- 
low. 


0.08 
.08 
1.00 
2.00 
1.00 
2.70 
1.20 

.72 
.40 
.35 
.50 
.70 
1.40 
1.20 


Oct.  25. 


Red. 


0.08 
.08 
2.20 
4.40 
1.03 
1.45 
Blue. 

1.00 
.70 
.75 
1.32 
1.10 
3.80 
3.20 


2.  50     5. 70 
.60     1.20 


Yel- 
low. 


0.13 
.13 
1.10 
2.50 
1.02 
3.20 
1.20 

.72 
.44 
.40 
.58 
.77 
1.40 
1.20 

2.50 

.62 


Oct.  27. 


Red, 


0.23 
.20 
3.20 
7.00 
1.05 
1.95 
Blue. 

1.00 
.80 
.86 
1.75 
1.35 
5.00 
4.60 

8.00 

2.20 


Oct.  29. 


Yel- 
low. 


0.23 
.  22 
l!34 
3.50 
1.05 
4.02 
1.20 

.72 
.54 
.50 
.90 
.80 
2.10 
2.00 

3.40 


Red. 


0.32 
.25 
5.60 
8.40 
1.05 
2.45 
Blue. 

.80 
1.10 
1.25 
2.25 
1.70 
6.00 
6.00 

8.50 

2.90 


Yel- 
low. 


0.32 
.  27 
2!  60 
4.50 
1.05 
4.40 
1.20 

.72 
.64 
.64 
1.05 
1.00 
2.50 
2.50 

4.00 

1.10 


Rise  of  blood 
pressure 

caused  by  1 
c.c.  injections 

of  a  1:10,000 
solution. 


Oct.  29. 
(fresh).' 


Oct. 

29. 

(old).« 


Mm. 
74.2 
67.8 
106.0 
66.6 
0.0 
0.0 


0.0 
102.6 
99.0 
97.6 
83.0 
74.2 
73.8 

74.2 

73.8 


Mm. 
69.2 
58.0 
75.0 
64.4 
0.0 
0.0 


0.0 
101.6 
93.4 
78.6 
79.0 
60.0 
60.2 

24.4 

48.0 


(')  Solution  made  Oct.  29. 


(S)  Solution  made  Oct.  19, 
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Table  XIV  illustrates  the  changes  in  color  undergone  by  the 
various  commercial  solutions  of  epinephrin  ahead}'  discussed,  they 
having  been  diluted  with  normal  saline  solution.  These  solutions 
were  made  by  measuring  out  2  c.  c.  of  the  original  1  : 1,000  solution, 
diluting  this  to  1 :  10,000,  and  preserving  it  in  a  ground  glass-stoppered 
bottle  made  of  the  best  German  flint  glass.  The  bottles,  in  each 
case  being  about  two-thirds  full,  were  kept  in  the  dark  except  when 
the  tintometer  readings  were  made.  On  the  tenth  day  after  making 
up  the  1:10,000  solutions  their  physiological  activity  was  compared 
with  a  freshly  diluted  solution  (1 :  10,000  from  same  original  package) 
by  intravenous  injection  of  0.5  c.  c.  of  the  old  and  new  solutions 
into  the  right  and  left  saphenous  vein,  respectively,  of  a  dog  and 
measuring  the  resulting  rise  of  blood  pressure. 

It  will  be  seen  that  unless  certain  factors  enter  in  to  alter  or 
retard  the  normal  color  that  usually  develops  in  an  epinephrin  solu- 
tion ui)on  standing,  the  strength  of  the  solution  is  roughly  in  inverse 
proportion  to  the  degree  of  color  until  the  decomposed  material 
begins  to  precipitate  out.  If,  however,  such  substances  as  sulphites 
and  deoxidizing  agents  be  present  then  a  solution  may  register  but 
little  color,  and  at  the  same  time  possess  but  little  vaso-constrictor 
action.  Color  then  is  not  always  a  safe  criterion  by  which  to  judge 
of  the  value  of  a  solution,  but  the  presence  of  a  precii)itate  ought 
always  to  suggest  to  the  pharmacist  that  the  solution  should  be  tested 
physiologically  before  being  dispensed,  even  though  the  label  says 
it  iuul  been  tested  before  storing  in  containers  at  the  laboratory. 


!) 


I 
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SUMMARY  AND  CONCLUSIONS. 

Of  the  seven  different  brands  of  epinephrin  examined  only  three 
possessed  an  activity  that  equaled  the  standard.  The  other  solutions 
varied  anywhere  from  3.75  to  71  per  cent  of  the  required  activity. 
(See  Table  XV.)  As  is  brought  out  in  a  more  graphic  manner  in 
this  table,  some  of  the  solutions  were,  from  the  physician's  point  of 
view,  worthless,  and  perhaps  even  dangerous.  Certain  solutions, 
though  showing  a  high  degree  of  activity  upon  opening  the  original 
package,  quickly  deteriorated  in  spite  of  the  extra  precautions  taken 
to  guard  against  conditions  known  to  further  this  process.  On  the 
ather  hand,  some  of  the  preparations  now  upon  the  market  made  by 
American  concerns  are  of  the  very  higliest  quahty. 

Table  XY .—Tintometer  determinations  of  color  observed  and  the  relative  physiological 
activity  of  the  original  1:1,000  solutions. 


Labora- 
tory 
number 
of  solu- 
tion. 


U').. 
;d 


Commercial  name 
of  solution. 


lipinephrin 

Adnephrin 

Adnephrin 

Adrenalin 

Adrenalin 

Adrin 

Adrin 

Caprenalin 

Supracapsulin 

Supracapsulin 

Suprarenalin 

Suprarenalin 

Suprarenin  syn- 
thetic. 

Suprarenin  s  y  n  - 
the  tic. 


Manufactur- 
er's serial       Color  of  solution, 
number. 


60802  FR.... 
02912  ER.... 

1360016 

1335177 

A  76797 

102009 

1302244 


670074... 

070065. . . 
fSA  2300. 
IF  13452.. 
/in  2209. 
\T  57630. 


Red-orange 

Yellow-orange. 
Yellow-orange . 

.  I  Yellow-orange . 

.  I  Yellow-orange . 

.1  Yellow-orange. 

J  Yellow-orange. 

. '  Red-orange 

.  I  Yellow-orange . 

.  I  Red-orange  . . . 

, I  Yellow-orange. 

, !  Yellow-orange. 

IRed-orange 

iOrange 


Proportion  of— 


Red. 


0.10 
.20 
.20 
.52 
.90 
.  22 

ass 

2.10 
.12 
.25 
.15 
.82 


Yellow. 


0.05 
.40 
.40 
.70 

1.10 

.72 

12.70 

2.00 
.16 
.24 
.16 
.84 

.21 


Precipitate 
present. 


None 

None 

None 

None 

None 

None 

Abundant. 
Abundant. 

None 

Trace 

None 

None 

Trace 


Some . 


Relative 
physiologic 

activity 

expressed 

in  per  cent 

of  A. 


V)  100.  00 

50.00 

50.00 

100.  000 

100. 00 

50.00 

3.75 

25.00 

100.00 

100. 000 

66  to  71 

60.  66 

50.00 


(1)  Solution  A  made  up  on  morning  of  experiment,  from  a  pure  sample  of  natural  base,  the  optical  activity 
f  which  is  [a]  ^'•''°=  -53-40°. 

(2)  Series  "  d  "  bought  directly  from  manufacturers  or  from  their  agents. 
(')  Series  "m"  bought  on  the  open  market  from  a  reliable  druggist. 

(<)  Tho  figures  to  the  right  of  the  decimal  point  are  given  simply  because  the  calculations  come  out  thus, 
nd  not  because  the  fractional  parts  have  any  practical  value. 
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Fig.  14. — D.  venustus,  male,  from  Texas 10 

Fig.  15. — Ditto,  female,  unmounted 10 

Fig.  16. — D.  parumapertits,  female,  from  California 11 

Fig.  17. — D.  parumapertus  marginatus,  male,  from  Arizona 11 

Fig.  18.— Ditto,  female 12 

Fig.  19. — Ditto,  female,  from  New  Mexico 12 

Fig.  20. — D.  nigrolineatus,  male 13 

Fig.  21. — Ditto,  male,  from  Oklahoma 13 

Fig.  22. — Ditto,  male,  from  New  York 14 

Fig.  23.— Ditto,  female,  from  New  York 14 

Fig.  24. — Ditto,  female,  from  Tennessee 15 

Fig.  25. — Ditto,  nymph,  from  Oklahoma 15 

Fig.  26. — D.  salmoni,  female,  type 16 

Fig.  27.— Ditto,  female. 17 

Figs.  28  and  29.— Ditto,  male,  right  and  left  plates,  from  Montana 18 

Figs.  30  and  31.— Ditto,  female,  right  and  left  plates,  from  Montana 19-20 

Fig.  32. — Ditto,  female,  from  Tennessee 21 

Fig.  33. — Ditto,  obverse  view 22 

Fig.  34  a.— Ditto,  section 23 

Fig.  34  b.— Ditto,  isolated  goblet 23 

Fig.  35. — Ditto,  nymph 23 

Fig.  36.^Ditto,  male 24 

Fig.  37.— Z).  variegatus  seu  albipictits,  male 25 

Fig.  38.— Ditto,  female 26 

Fig.  39.— Ditto,  nymph 27 

Fig.  40. — D.  nitens,  male,  from  Texas 27 

Fig.  41.— Ditto,  at  lower  focus 28 

Fig.  42. — Ditto,  female,  from  Jamaica 28 

Fig.  43. — Ditto,  isolated  goblet,  from  Texas 29 
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Figs.  44-48. — Entire  body.  • 

Plab«  I 

Fig.  44. — Z).  andersoni,  male,  ventral  view,  from  Montana Si 

Fig.  45.— Ditto,  dorsal  view 3t 

Fig.  4(). — Ditto,  young  female,  dorsal  view 31 

Fig.  47.— Ditto,  ditto,  ventral  view 31 

Fig.  48. — Ditto,  hexapod  larva,  ventral  view 29 

Figs.  49  to  70. — Outlines  of  capitulum  and  digit  of  Dermacentor. 

Figs.  49  to  50. — D.  reticulalus,  male  and  female 32 

Figs.  51  to  52. — D.  eleclus  seu  variabilis,  male  and  female 32 

Figs.  53  to  54. — D.  ociidentalis,  male  and  female 32 

Figs.  55  to  56. — D.  andersoni,  male  and  female 33 

Fig.  57. — D.  venustus,  male 33 

Figs.  58  to  59. — D.  parumaperlus  viarginatus,  male  and  female 33 

Figs.  60  to  64. — D.  nigrolineatus,  male  and  female 33-34  ^ 

Figs.  65  to  66. — D.  salmoni,  male  and  female 34  j 

Figs.  67  to  68. — D.  variegatus,  male  and  female 35  ^ 

Figs.  69  to  70. — T).  nilens,  male  and  female 35  i 

Figs.  71  to  81. — Scutum  of  female  of  Dcnnaceiitor. 

Fig.  71. — D.  reticulalus >i6  ( 

Fig.  72. — D.  eleclus  seu  variabilis 36  ; 

Fig.  73. — D.  occidenlalis 36 

Fig.  74. — D.  andersoni 36  ; 

F^ig.  75. — D.  veniuilus 36  , 

Fig.  76. — 7).  parumaperlus  marginalus ;i6  ] 

F^ig.s.  77  to  78. — D.  nigrolineahis 36  , 

Fig.  79.— Z>.  salmoni 36  ! 

F'ig.  80. — D.  variegatus  seu  albiplclus 36 

Fig.  81.— Z).  nitens -^ 

F^igs.  82  t(i  100.      Dorsal  view  of  tcriniiiai  purlioii  of  trotliaiiler  1  of  Ihriniivenlitr.  \ 

F'igs.  82  to  83. — D.  relicululus,  male  and  female 37  , 

Figs.  84  to  85. — D.  eleclus  seu  variabilis,  male  and  female 37  ] 

Figs.  8G  to  87.—  />.  occidenlalis,  male  and  female 37  ] 

F'igs.  88  to  89.     /^.  andersoni,  male  and  female 37  ] 

F^ig.  90. — D.  vemislus,  male 37 

Figs.  91  to  92. — D.  parumaperlus  marginalus,  male  and  female 37   : 

Figs.  93  to  94. — D.  nigrolineatus,  male  and  female 37  i 

F^igs.  95  to  96. — D.  salmoni,  male  and  female 37  | 

F'igs.  97  to  98. — D.  variegatus  s(mi  alhipiclus,  male  and  female* 37  i 

Figs.  !»!»  to  100.      />.  tiilciis,  male  and  female 37   j 

1 

Figs.  101  to  lilt.     Coxa  I  of  IhriiKuriilor.  I 

Figs.  101  to  102.— />.  reticulalus,  male  and  female 38  j 

F^igs.  103  to  104.—  />.  eleclus  seu  variabilis,  male  and  female 38  j 

F^igs.  105  to  106.  -  D.  nccidenlalis,  male  and  female 38  | 

F'igs.  107  to  108. — D.  andersoni,  male  and  female 38  j 

Fig.  109.  —  J),  venustus,  male 38  | 

Figs.  110  to  111.-  /).  jxirumapertus  marginalus,  male  and  f«'male 39  | 

F^igs.  1 12  to  1 13. — f).  nigrnliueatus,  mal(>  and  female '™  \ 

F^igs.  1 11  to  1 15.-    /).  salmotii,  male  ai\d  female -^^ 

F^igs.  lit)  to  117.  —  /).  variegahis  t^rn  alfiijiictus,  male  and  female 39 

Figs.  118  to  1 19.—  Z).  nilrus,  male  and  female 39 


Fiffs.  120  to  134. — Intercoxal  fields  of  Dermacentor. 

Plate. 

Figs.  120  to  121. — D.  reticulatus,  male  and  female 40 

Figs.  122  to  123. — D.  electus  seu  variabilis,  male  and  female 40 

Figs.  124  to  125. — D.  occidentalism  male  and  female 41 

Figs.  126  to  127. — D.  andersoni,  male  and  female 41 

Fig.  128. — D.  parumapertus  marginatus,  male 42 

Figs.  129  to  130. — D.  nigrolineatus,  male 42 

Figs.  131  to  132.— D.  salmoni,  male  and  female 42-43 

Fig.  133. — D.  variegatus  seu  albipictus,  male 43 

Fig.  134. — D.  nitens,  male 43 


SUMMAKY. 


The  spocifie  deterniination  of  ticks  is  attended  in  many  cases  with  consid-  | 

erablo  difficulty.     In   view  of  tlio  importance  of  these  giant  mites  as  trans-  i 

mitters  of  disease,  every    newly    rccomiized   character   which   can   be   utilized  \ 

hi  classification   is  of  value.     In  the  present  paper  the  microscopic  structure  ; 

of  the  stigmal  plates  is  shown  to  be  a  taxonomie  character  of  considerable  j 

importance  in  the  fienus  Dcnnaccntor.  j 

The  species  of  Dcnnaccntor  which  has  been  shown   experinieutally  l>y   KiuR 

and  Ricketts  to  act  as  transmitter  of  Kocky   Mouut.iin   spotted  fever   in   .Mon-  ( 

taiia  is  Dcrnidccntor  ondcrNO)!!.  ; 

Tne  tick  which  Salmon  and  Stiles   (IIKM)   considered  identical  with  Dcium-  j 

ccntor  rcticiihitua  of  Europe  is  shown  to  represent  a  new  species.  Dcnnaccntor  { 

ftalntoiii.  I 

For  liililiograiiliic  references,  see  Stiles  ^:  llassall.  Index   ( "atalo-uc  of  Mtnli-  j 

cal  and  \'eterinary  Zoology  <Bull.  39,  U.  S.  Huri>au  of  Animal   Industry.  j 
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THE  TAXONOMIC  VALUE   OF  THE  MICROSCOPIC   STRUCTURE   OF  THE 
STIGMAL  PLATES  IN  THE  TICK  GENUS  DERMACENTOR/' 


By  Ch.  Wardell  Stiles,  Ph.  D., 
Professor  of  Zoology. 


INTRODUCTION. 


To  find  characters  which  ma}^  be  readily  used  in  distinguishing 
genera  and  species  is  always  an  interesting  study  for  the  systematist. 
When  the  group  of  animals  in  question  may  act  as  transmitters  or  as 
cause  of  disease,  this  systematic  study  becomes  especially  important, 
both  theoretically  and  practically. 

Since  it  has  been  shown  that  certain  species  of  ticks  act  as  trans- 
mitters of  certain  diseases,  this  group  of  arachnoids  has  been  sub- 
jected to  more  careful  study  than  heretofore  and  numerous  new 
species  have  been  described.  To  recognize  these  species,  even  when 
detailed  diagnoses  are  given,  as  in  the  writings  of  Neumann  espe- 
cially, is  not  unattended  with  difficulty,  and  even  the  special  student 
in  this  group  is  liable  to  fall  into  error  in  determining  specimens. 
Every  new  character  which  can  be  shown  to  be  of  taxonomic  value 
is,  therefore,  of  practical  importance  at  the  present  time,  and  its 
practical  value  is  proportionate  to  its  ease  of  application. 

Salmon  and  Stiles  (1001a,  447)  indicated  that  the  "punctation" 
of  the  stigmal  plate  presented  a  character  of  value  in  the  genus  Der- 
macentor;  Neumann  also  has  used  this  character  to  a  slight  extent, 
while  Banks  (1908),  and  Cooper  and  Kobinson  (1908)  have  adopted 
it  in  recent  papers.  Since  the  publication  of  the  joint  paper  (1901a) 
by  Salmon  and  Stiles,  I  have  become  more  and  more  convinced  of 
the  value  of  this  character,  not  only  in  Dermacentor  but  also  in  some 
other  genera.  With  this  increased  conviction  a  second  conviction  has 
developed,  namely,  that  with  a  few  exceptions  the  determination  of 
the  North  American  ticks  by  the  usual  method,  namely,  a  study  with 
Ihe  hand  lens  of  an  uncleared,  unmounted  specimen,  is  very  likely  to 
Iciul  the  observer  to  erroneous  conclusions. 

To  give  an  illustration :  Several  years  ago,  I  became  convinced  that 
the  common  tick  of  Montana  was   distinct  from  the  form  which 

"  IMamiseript  subiuilloa  for  publication  December  21,  1009. 
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Salmon  and  Stiles  looked  upon  as  Dcrmacentor  reiiculatus  {=D.  ,S7//-  , 
rnoni)  ;  Neumann  considered  that  I),  retleidatus  of  Salmon  and  j 
Stiles  was  in  reality  Marx's  D.  occidentalis;  specimens  of  the  Men-  i 
tana  tick  were  sent  to  Xeiunann,  with  the  interpretation  that  they  '] 
represented  a  new  species  and  with  the  request  to  compare  the  Mon-  i 
tana  form  with  Marx's  types  which  were  then  in  his  possession;  with  I 
his  usual  courtesy.  Xeumann  made  the  comi)aris()ii  and  wrote  that  he  • 
agreed  that  the  Montana  ticks  represented  a  new  species;  later,  Neu-  \ 
mann  returned  our  govei'iunent  collection  of  ticks  to  ^^  ashinuton;  j 
he  also  sent  four  specimens  of  the  European  I),  reticuhitiiii;  in  the  - 
meantime  I  had  been  studying  the  American  species  of  I)cnn<i<entor  ; 
from  the  standpoint  of  the  microscopic  structure  of  the  stigmal  plate,  1 
and  iK'coming  thoroughly  convinced  that  the  Afontana  tick  was 
absolutely  distinct  from  what  I  found  in  the  collection  labeleil  D.  | 
reticulatvx  and  what  I  had  always  supposed  to  be  that  species,  I  | 
used  for  the  Montana  form  the  manuscript  name  J>.  (nidcrsonf. 

Upon  receixing  the  material  from  Xeumaini.  this  was  reexamined,  | 
especially  with  reference  to  the  misci'oscopic  sliiictuic  of  the  stigmal  | 
])late.  and  tliis  restudy  resulted  in  some  veiy  unpleasant  suri)rises,  i 
for  instance : 

(1)  Neumanirs   four   European   specimens    (two   males   and    two    i 
young  females)   of  />.  reticuhifus  agree  fairly  well  with  each  other    ; 
in  the  structure  of  their  stigmal   j)lates;  these  plates  are  of  a  type    i 
very  similai'  to  (hat    fouuil   in   the   American   sjjecies  I>.  tlcctus  seu    I 
rarl(tf)i/!s.     Coxa'   IV   of  the   two   males  show    very    nuirked    vtiria-    | 
tions.     'Hie  j)al|)i  of  one  male  and  of  one  female  agree  fairly  well  in    I 
outline,  but  ai'e  markedly  ditlerent   from  the  palpi  of  the  other  male    . 
and  the  othei-  female,  while  the  i)ali)i  of  the  latter  pair  are  of  rather 
uniform  outline.     ()nly  one  s])ecimen    (a   male)    shows  a   prominent 
I'etrograde  prolongation  on  article  '_*  of  the  palpi.     One  pair  i^  not 
especially  dillicult  to  distinguish  fi'om  the  Amei'ican  /K  <i(<fii,s:  tiie 
male  and   tV'male  of  othei-  i)air  are  se|)arate(l   fi-oni   />.  (Icctiis  with 
somewhat  greater  dillicidty.      It  seems  (|nitc  clear  that  the  .Vnu'i-icau     i 
/>.  cli'ctiis  and   tlu'   European   I>.  rcficit/dtiis  are  exceedingly  closely 
related.     I^'urther.    both  species  vary  so  in  outline  of  th(>  palpi  and  of 
coxa'  I\'  that  many  systcniat  ists.  woi'king  on  single  specimens,  would 
recognize  these  variations  as  representing  several  distinct  sjx'cies. 

(2)  Marx's  ty|)es  of  />.  (>((i(/r/if(i//.s,  which  Xemnann  considered 
as  representing  a  \ariety  of  the  European  />.  /■(  /imfafus,  are  I'adically 
difVei'ent  fioni  this  s|)ecies;  they  are  closely  allied  specilically  to 
/).  (HKlcrHoiii  (witii  which  for  a  time  I  considei'ed  them  identical), 
but  they  are  distinct  fi'oiu  the  American  form  which  was  considered 
as/-',  niiciihitiis  and  which   Neuman  ideutilied  with  l>.  oncif/i  nfa/ix. 

{l^)  "^rhe  Amei-ican  foi-m  which  I  have  always  \iewed  as  />.  rctint- 
hitiis  is  lolalh'  distinct  from  Neumann's  l''uropeau  matei'ial  of  this 
species. 
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In  view  of  this  experience,  it  was  decided  to  determine  ticks  here- 
after only  when  the  specimens  could  be  treated  with  caustic  and 
mounted  in  such  a  way  as  to  permit  the  use  of  medium  power  lenses 
(as  8  and  4  mm.)  in  studying  them;  further,  it  was  found  that  by 
a  careful  study  of  the  stigmal  plate  of  mounted  skins  there  is  usually 
but  little  difficulty  in  determining  the  specimens  (of  Dermacentor,  at- 
least)  upon  this  organ  alone. 

The  purpose  of  the  present  paper  is  to  show  the  value  of  the 
stigmal  plate  in  dividing  the  North  American  species  of  Dermacentor 
into  four  groups  and  in  differentiating  the  species.  A  preliminary 
communication  on  this  subject  was  published  in  the  Proceedings  of 
the  Entomological  Society  of  Washington,  volume  9  (1-4),  1908, 
pages  10-11. 

TECHNIQUE. 

The  specimens  are  prepared  as  follows:  A  slit  is  made  in  the 
caudal  end  of  the  tick,  usually  with  a  sharp  knife  or  scissors,  and  in 
such  a  way  as  not  to  cut  the  stigmal  plates;  the  specimen  is  placed  in 
a  Aveak  caustic  solution  (about  2  to  5  per  cent)  for  12  to  9G  hours, 
according  to  the  condition  of  the  material;  with  sharp,  pointed 
forceps,  or  with  a  small  scalpel,  the  entire  mass  of  soft  tissue  is 
removed  through  the  caudal  slit;  the  skin  is  then  passed  through 
water,  the  alcohols,  and  xylol,  and  mounted  in  balsam ;  for  pressure, 
n  i)air  of  cover-glass  forceps,  such  as  are  in  common  use  in  bacterio- 
logical Avork,  or  a  lead  weight  the  shape  of  an  elongated  bullet,  is 
then  placed  on  the  preparation  which  is  now  dried  on  a  radiator,  or 
in  an  oven.  It  is  wise  to  examine  the  skin  in  xylol  before  mounting 
it  in  balsam,  and  during  this  examination  legs  IV  are  so  arranged 
as  not  to  cover  the  stigmal  plates;  if  necessary,  legs  IV  are  removed 
from  the  skin. 

Superfamily  IXODOIDEA"  Banks,  1894. 

It  may  be  well  to  review  the  classilication  of  ticks,  before  passing 
to  the  genus  Dennacentor. 

Ticks  represent  giant  mites.  They  belong  to  the  superfamily 
Ixodoideu  of  the  order  Acar'nid,  class  Arachhida. 

Authors  are.  however,  not  yet  in  entire  accoi'd  relative  to  the  gen- 
eral classification  of  the  group. 

The  superfamily  Ixoduldea  may  be  divided  into  two  families,  as 
follows : 

I  Scutum  absent;  fapitulum  inferior  in  adult,  lorniinal  in  liexaimd  larva:  flaws 
without  puJvilluni:  i>:ili»i  cyiimlrical ;  stiguial  plate  between  legs  III  and 
IV;    sexual    diiiKiriiliisin    sli.iiht Argasidw 


"For  sviitiuviiiv.  sec  Saliiniii  ami  Stiles.   I'.Mila,  pp.  :Ki-.SS4. 
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Scutum   present;    capitulum    terminal    in   all   stages;    claws   with    pulvillum;    ji 
articles  2  and  3  of  palpi  usually  strongly  excavate  in  long  axis  on  median 
margin,    article   4   small,   snbterminal   of   article  3;    stigmal    plate   caudo- 
lateral  of  coxje  IV;  sexual  dimorphism  very  pronounced LvodidcB 

Tt  is  particularly  the  family  Ixodida-  which  interests  us  in  the  jn-es- 
ent  paper. 

Family  TXODTD.T:  ■'  Arurniy.  1877. 

Family  diagnosis. — I.todoi<l(u  (i».  11)  :  Scutum  present.  Capitulum  ter- 
minal. Digit  of  maiidihles  provided  with  two  articles:  internal  article  with 
dorsal  in-ocess;  external  article  elongate,  articulated  with  the  internal  article 
and  hearing  on  its  free  border  two  to  five  teeth,  which  increase  in  size  from  the 
distal  to  the  proximal.  Palpi  with  articles  2  and  3  usually  distinctly  valvate 
in  long  axis  on  their  median  surface;  article  4  very  short  in  adult,  as  tactile 
r.iipeiidage.  situated  in  a  ventro-terniinal  depression  (if  article  3.  Legs  a  little 
uncfinal.  jiair  11  shortest,  pair  IV  longest;  femur  and  tihla  iiresenting  iist-ndo- 
arti(u!ati<m  near  proximal  end,  except  in  pair  I,  where  the  itseudo-articulatiou 
is  distal;  tarsi  with  pulvillum.  Stigmata  dorso-caudad  of  coxa'  I\".  Ccnital 
liore  ventro-median  at  height  of  coxa'  I  to  III;  a  pair  of  sexual  grooves  extend 
fiuni  here  caudad,  more  or  less  (li\erg('ut,  tow.inl  caudal  margin.  Sexual 
dimorphism  very  marked. 

Male. — I'sually  smaller  than  female,  tlatter.  often  of  less  regularly  (ival 
contour,  anterior  pole  being  much  narrower  than  i)osterior;  dorsal  shield  covers 
entire  dorsal  surface  or  all  but  a  marginal  band;  caudal  margin  ordinarily  di- 
vided into  eleven  (piadrangular  festoons,  distributed  between  the  two  stigmata, 
and  often  extending  under  the  ventral  surface.  These  represent  in  some  cases 
marginal  shields,  the  number  and  form  of  which  are  often  variable. 

FriiKilc. — .\t  first  tlat,  later  may  become  very  thick:  dorsal  sliield  coiiliiieil  to 
cephalic  pari  of  dorsiuu,  reiiiaiiis  comparatively  small.  <  "a|pilu!iiui  with  two 
symmetrical  porose  areas,  not   found  in  larva>,  nymphs,  or  lu.iles. 

Typk-oenus. — Lmdrs  Latrei lie.  17". n ".. 

This  family  may  he  divided  in  various  ways,  hut  authors  are  not 
yet  entirely  in  accord  relative  to  the  (k'tails  of  the  siihdivisions. 

Canestrini''  (18«)()a.  4!)1)  divided  the  Italian  irenera  of  this  family, 
then  known  to  him,  into  thicc  o-roups.  as  follows: 

\'enlial  siiirace  of  male  entirely  covered  with  shields;  gi-nns  Lrodcft Pid'Ktjdi. 

Ventral    surface   of   male    with    four   anal    shields:    geneni    II iiuliniiiiui.    li'liipi- 

ccphaliis Trtniopli. 

Ventral  surface  of  m.-ile  wiiliont  .inal  shields;  genera  Ainhli/oinmu   (jind  .1//oh- 

ouniiii ).    fh  rniiiii  ninr.    Ihi  inn  ph  i/sulin {imiili. 

This  division  is  a  very  easy  one  to  make,  provided  one  has  male 
sp(H-imens,  hnt  as  it  is  hased  \i\nni  a  secondary  sexual  charactt'r  it  is 
not  enlii'cly   IVce  fi'om  ohjcction. 

Xeumami  (IKOla.  :V2:\) ,  who  recognized  Ixod'uhi  s.  sir.  as  a  siih- 
family.  divided  the  «;enera  of  this  irronp  as  follows: 

Hoslruni  long:  genera  LrodcK,  NKcliatocrphnliis.  Aimiioiniitn.  .\tnltliiounnii.  Iliinl- 

(ntiiiKi l.rodw. 

Itostrum  short  :  genera  llaiiiaplij/solis.  If  hi  pi  (c  pint  I  us,  Dcnnacrntor.Illiipin  pliulw. 

«For  synonymy,  see  Salmon  and  Stiles,  inOln.  p.  414. 

^Origin.'il  paper  not  accessible  at  iire.M'Ut,     See  Xemnann.  T.KM.a,  ji.  4  Pi. 
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Salmon  and  Stiles  (1901a,  384)  divided  the  Ixodidce  s.  str.  into  two 
subfamilies,  as  follows: 

Palpi  short,  subtriangular,  not  or  only  slightly  longer  than  [the  two  together 
are]  broad;  capitulum  short;  cephalic  margin  of  body  emarginate  for 
insertion  of  capitulum;  genera  Rhipicephalus,  Boophilus,  Hccnuiphysalis, 
Drnnacentor Rhiphicephalince. 

Palpi  longer  than  broad;  capitulum  long;  cephalic  margin  of  body  straight  or 
emarginate;  genera  Ixodes,  Eschatoccphalus,Aponomma,  Amhlyomma,  Hya- 
lomma • Ixodinw. 

Since  1901  several  new  genera  have  been  described. 
Neumann  (1904a,  447)  has  reverted  to  Canestrini's  classification, 
with  some  change  of  names,  as  follows : 

Ventral  surface  of  male  entirely  covered  with  plates;  anal  groove  surrounds 
anus  anteriorly  and  is  independent  of  genital  grooves ;  eyes  absent ;  rostrum 
elongate   Ixodece. 

Ventral  surface  of  male  with  two  adanal  plates,  usually  accompanied  by  acces- 
sory plates ;  anal  groove  sui-rounds  the  anus  caudally  and  usually  joins, 
anteriorly,  the  genital  grooves ;    eyes  present ;    rostrum  long  or  short. 

Rhipiccphalew. 

Ventral  surface  of  males  without  adanal  plates;  anal  groove  surrounds  anus 
caudally  and  usually  joins,  anteriorly,  the  genital  grooves ;  eyes  often  pres- 
ent; rostrum  long  or  short Amhlyommew. 

A  later  and  rather  extensive  division  of  the  genera  in  qtiestion  is 
that  proposed  by  Lahille  (1965a,  21-23)  who  accepts  Ixodidoe  s.  str. 
as  a  distinct  family  and  divides  the  ticks  as  follows: 

Suborder  Arpagostoma   [=superfamily  Ixodoidea]. 

1.  Capitulum  inferior ;  scutum  absent ;  claws  without  pulvillum ;  palpi  cylin- 

drical, nearly  uniform;  stigmal  plates  between  legs  III  and  IV;  sexual 

dimorphism  but  little  marked Argasidcc,  2. 

Capitulum  terminal ;  scutum  present ;  claws  with  pulvillum ;  palpal  articles 
2  and  3  excavate  on  median  surface ;  stigmal  plates  caudally  of  legs  IV ; 
sexual  dimorphism  very  pronour  Ixodidw,  3. 

Abgasid.e. 

2.  Tegument  chagreened;  hood  does  not  project  anteriorly  of  body:  palpi  not 

projecting   anteriorly    of   body ;    lateral    borders   of    body    thin ;    ventral 
grooves  very  slightly  marked ;    eyes  absent ;    type  Acarus  reflexus  Fabri- 

cius,  1794 A.rgas  Latreille,  1795. 

Tegument  mamillate  (hemispherical  elevations)  ;  hood  projects  anteriorly 
in  form  of  a  beak;  palpi  visible  anteriorly,  from  above;  lateral  borders 
of  body  thick;  ventral  anal,  preanal,  and  postanal  grooves  very  marked; 
eyes  present  or  absent;  type  Argas  savignyi  Audouin,  1827, 

Ornithodoros  Koch,  1844. 
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IxoDiD.E  (based  oil  males). 

3.  Anal  plates  absent   [compare  Ainhlijomnica-  Neumauii,  l'.M»41  ;   eyes  present  i 

or  absent AnofiU  Canestrini.  4.  t 

Anal   plates  present   in   pairs    (4-6)    [compare  Tctraaitoli   Canestrini.  and  i 

Rhii>i<«i)hal((r  Neumann,  1!K)4]  :  eyes  distinct   (oiiimata) Ariiniili.  S. 

Anal  plates  present  in  uneven  numbers  (as  5)    [compare  Poliopli  Canestrini 

and  Ixodea  Neumann,  1904]  ;  eyes  absent  (auommata) Pchssoiili,  10.  i 

4.  Eyes  absoTit   (anonimata) 5.  I 

Eyes  distinct   (nmmata) 7.  ] 

5.  Article  1!  of  paliii  drawn  out  laterally  into  sharp  iKunts;  tyiK^  7/.  concitma  i 

Koch,  1.S44 UamaithyifHUii  Koch.  1844.  | 

Article  2  of  palpi  not  drawn  out  latei'ally  into  sharp  points 6.  { 

6.  Anal  j,'roove  present:  ty])e  I.iodcs  (nnai-si  liUcas.  1S47,  • 

AiionniiniKt  Neumann,  1S99.  j 

Anal  }.'roove  Mi)sciit  :  tyix'  l.rmlcs  Iniiisn  rsalis  Lucas,  I.s-I4.  , 

\(Uiiiiniiii(  11(1   Lahille.  j 

7.  raliii   loiijrcr  tli.in  itrojid;   lypc  Actini.s  c(ijcnn(iisis  FaluMcius,  17S7. 

Ainbliioiinua  Koch,  1844.  | 

Palpi   scarcely   ioiiu'cr   ili.in   broad;   coxa-   1  \'    \  ci-y   larfre;   tyi)e  Acanis  ntir  I 

culdtiix  I'abricius.   1T'.K> Dcrmnrrntor  Koch,  1S44.  I 

.\rli(>i)li.  i 

I 

8.  Palpi    scarcely    loii<:er   than    broad;    dorsal    surface   of   base   of  capituliim  ! 

("  prosonia  "")   liexa^ional 9.  i 

Palpi  lonp'r  than  broad;  dorsal  surface  of  base  of  capitulum  nn'tangular;  ' 

type  Acunis  (ii/i/ittiiis  Linne.  1758 U j/uUdiidui   Koch,  1844.  1 

9.  Stigmal  plates  circular;  tyi>e  Ixodes  annulatus  Say.  1821  \ 

lioophilits  Curtice.   1891.  I 

Stif^mal   jilates  conuua-shaipcd  ;    (y|H'   l.nnUs  sdiii/iiijiciis   Latreille.   1804  j 

l\'liiliici  lihdliis  Koch.  1S44.  I 

I'crissoiili.  I 

10.  Pali>i  eIon>iat<>.  cMiiaiiciilate :  tyjio  Acuno^  ririnns  IJnnc.  ITOi  (IT.'^l  | 

/.;r;,/,.s-  Latreille.   1TW.  i 
Pailti  iKit  c.'iiialiiulatc ;  type  /,'.  ijntciliiKs  Frauenfeld 

i:.scli(ttii((  plidlus  FrauiMifeld.  1S."»3.  ' 

Palpi    pyriform;    (i)enultimate)    article   3   conical;    tyi>e    Ihidloninid    piita  • 

Cambridp\  IST!) CcratixitdcK  Neumaiui.  1002. 


»  Nuttnll  and  WarlMirton  (1008,  308)  have  recently  established  an  additional  i 

jienus  which  would  fall  into  this  j:rouit,  namely:  ' 

Ufiiiiicrtitor:   Male  resembles   li'ln'iiici  iilmliis  dorsailx.    I>rnnd<<  titnr   veiitnilly.  j 
Basis  capituli  hexajional  with  xi-iy  proiiiiuciit   lateral  an^'lcs.     Coxa   1  strounly 

l)ifid   and   overlajipiuf:  coxa    II    in    male  and    female;    male  coxa*   iiroirressively  | 

increasing;   in   size   lo   )i;iir    \\.   which    Is   nindi    ilic   larircst.    iiairs    11    I  \'    bitid.  | 
Adanal  shields  absent.     Eyes  present. 

'/'///»''. — Uliipirintin-  hiciiiinx  Nutlall  and  Warburton.  lOdS,  from  North  Nyassa,  I 
British  Central  Africa.    Host  unliuowu. 
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Lahille  gives  the  following  novel  diagram  in  illustration  of  his 
classification : 
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That  there  are  certain  conveniences  in  this  classification  may  be 
admitted,  but,  as  Banks  (1908,  13)  has  pointed  out,  the  importance 
attached  to  secondary  sexual  characters  hardly  carries  conviction 
with  it,  at  least  in  our  present  knowledge  of  ticks.  Banks  himself 
has  used  still  another  division  of  the  ticks  as  follows : 
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TABLE   OF   THE    FAMILrES. 


1.  Nf)  cfjrneous  shield  on  dorsum ;  bead  bidden  beneath  front  of  body ;  anus  near  a 

uiiddle  of  venter;  sliin  roiigliened Argusida-  2, 

A  corneous  shield  present  on  dorsum;  bead  distinct  in  front  of  Iwdy ;  anus  | 
behind  the  middle  of  venter;  skin  only  finely  striated Ixodidw  3.  | 

TABLE  OF   THE  GENEKA.  ' 

1 

2.  Margin  of  body  thin  and  acute Argas.  i 

Margin  of  body   rounded Oniithodoroa. 

3.  Venter  showing  a  curved  groove  a  short  distance  in  front  of  the  anus  and  i 

extending  back  each  side  to  the  hind  margin;  no  posterior  marginal  fea-  'i 

toons;   stigiual   plate  nearlv  circular;   no  ocelli;    hind  coxip  of  male  not  «i 

I 
enlarged iljndiiKr)    -L  , 

Venter  showing  more  or  less  distinctly  a  curved  groove  behind  the  anus,  but  • 

none  in  front  of  it;  the  male  with  distinct  marginal  fes'.oons,  more  or  less  i 

distinct    in    the    female {Amhlj/otiDninfr)  5.  i 

4.  Capituluni  slightly  angulate  on  the  sides;  palpi  with  the  third  joint  shorter  \ 

than  broad,  and  broadly  rounded Crratirodes.  j 

Capitnlnni   not   angulate  on   sides;    palpi   with  the  third  joint   longer  than   I 
broad,  and  slightly  tapering  toward  the  tip Ixodes.  \ 

5.  Sides  of  capitnlnni  angulate;   ocelli  present;   male  with  anal   plates;   i)alpi  I 

very  short {lihiiticijihuUni)    6.  ' 

Sides  of  capitulum  not  angulate 7.   ; 

6.  Palpi   with  acute  transverse  ridges;   stigmal   plate  nearly  circular;   porose  | 

areas  elliptical,  distant ;  no  distinct  groove  behind  anus Margnropuit.  ( 

Palpi  without  transverse  ridges;  stigmal  plate  comma -sha peti ;  porose  areas  ; 

triangular,  approximate;  a  distinct  groove  behind  anus Rlniti<ri>haliis.  . 

T.  Outer  angle  of  the   second  joint  of   the  short   pal])!  acutely   imxhiced ;   no  i 

ocelli;    male  without  anal  jilates  {  HcruKiitln/stilini) Hcrmaith limits,  i 

Outer  angle  of  second  joint  of  [talpi  not  acutely  iirotluced 8.  , 

S.  I'alpi  longer,  second  joint  about  twice  as  long  as  broad:  coxa'  IV  of  male  not  | 

enlarged;  tarsi  II,  III,  and  IV  i)lainly  divided,  the  basjil  part  nuich  shorter  I 

than  the  apical  jiart  (Ambljionitnini) Aiiiblj/nmma.  i 

Paljii  shorter,  .second  joint  barely  longer  than  broad;  coxiP  IV  of  male  eu-  j 

larged:    tarsi    II.    III.   and    IN'    indistinctly  divided,   the   parts   snbetpial   in  , 

length    (  Iti  rimni  iitorini) Prrmiiccntor.  ! 

(\  W.  Ilowai-d.  o()voriiiiu'iit  eJitninnlo<rist  for  ^rozaml)iqm\  hns  ( 
( liXls.  Aiioii.st)  ^nxcMi  still  aiiollicr  plan  of  ilixision.  He  ri'i'Oijfnizes  i 
only  one  family  ( Lfodidii)  with  two  siihfaniilios  {Ar<j<if<huv  and  | 
I.rotliiKi ).    The  ijiibfainily  Lrmlinit  he  divides  as  follows: 

I'liis  subfamily  is  dividcnl  into  three  tiihes,  llie  Iradra-,  Rliiincciiliolrrr,  and  I 
the  .[iiiltlji<nu\  m^iiv. 

I.rnd(a:—M;\\t's  clothed  on  all  tlioir  ventral  surface  with  .shields.  Anal  I 
furrow  of  liotli  sexes  passing  aroniid  .inns  in  front,  and  separate  from  the  I 
genital  furrows;  no  eyes.     Uostruni  elongate.      Includes  the  genus  Irodis.  , 

I\  hi  flier  ])hith(V. — .Males   jirovided    with    one    |iair    of   anal    shields,    ordinarily   I 
accompanied  by  accessory  shields.     .\nal   furrow  of  both  sexes  passing  around   I 
the  anus  behind,  and  usually  joining  (he  genital  furrows  in  front.     Kyes  i)re9-   i 
ent.     Koslrum    sometimes    long    and    sometimes    short.     Includes    the    genera 
Ifliil>ieei>luiliis,  Mdrgarnjnix,  and   H iKthninmi. 

Anihl)i()}ti\  in\e(r. — Males  without  .in.il  shields.  The  anal  furrow  surrounding  j 
the  anus  behind  and  usually  joining  the  genital  furrows  iu  front.     Sometimes  I 
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with  eyes.     Rostrum  long  or  short.     Includes  the  genera  Anihh/ommo.  Apon- 
omma,  Neuman[n]iella,  Rhipiccnior,  Dermaccntor,  and  Ha'mapliijsaJis. 
The  various  genei'a  of  this  subfamily  may  be  separated  by  the  following  key : 


A.  Males  clothed  on  all  their  ventral  surface  with  shields;  anal  furrow  of  both 
sexes  passing  around  anus  in  front,  and  not  joined  to  the  genital  fur- 
rows   (Ixodece),  Ixodes. 

AA.  Males  with  small  anal  plates  or  without,  but  ventral  surface  not  covered 
with  plates;  anal  furrow  passing  behind  anus  and  usually  joining  genital 
furrows,  or  wanting. 
B.  Males  with  two  anal  plates,  usually  accompanied  by  an  accessory  pair ; 

eyes  present (Rliipiccplialece.) 

C.  Rostrum  long;  palpi  elongate  and  valvate Hyalomma. 

CC.  Rostrum  short;  palpi  short,  broad,  with  an  outward  projection  on  the 
second  article. 
D.  Anal  groove   present,   stigmatic  plates  comma-shaped  in  both  sexes. 

Rhipicephalus. 

DD.  Anal  groove  absent;  stigmatic  plates  circular  or  oval Margaropus. 

BB.  Males  with  no  ventral  plates;  eyes  sometimes  yn-eseut^-i Atuhli/oinmcw.) 
C.  Eyes  present. 
D.  Palpi  long,  valvate;  coxfe  IV  not  longer  in  male  than  coxie  I  to  III; 

stigmata    triangular Anihh/onima. 

DD.  Palpi  short,  thick;  coxae  IV  much  larger  in  male  than  coxiie  I  to  III ; 
stigmata  comma-shaped,  short. 
E.  Palpi   very    sliort   and   wider  than   long;   coxre   IV   with  two   long 

spines RMpicenton 

EE.  Palpi  longer  than  wide;  cox*  IV  without  long  spines. 

Dermacentor. 
CC.  Eyes  absent. 
D.  Palpi  long;  stigmatic  plates  comma-shaped. 

E.  Body  as  long  as  wide;  anal  groove  present Aponomma. 

EE.  Body  wider  than  long;  anal  groove  not  present Neuman[n]iella. 

DD.  Palpi  with  a   sharp  projection  outward ;   stigmatic  plates  circular 
or  short  comma-shaped llainaphysalis. 

NYMPHS. 

(Key  based  on  known  Transvaal  forms.) 

A.  Anal  groove  surrounds  the  anus  in  front,  opening  posteriorly Ixodes. 

AA.  Anal  groove  surrounds  the  anus  behind,  opening  in  front. 

B.  Palpi  produced  into  a  prominent  lateral  point Hccmaplnj stills. 

BB.  I'alpi  more  or  less  cylindrical. 

C.  Body  circular  in  outline;  as  wide  as  long Apoiionnnit. 

CC.  Body  longer  than  wide. 

D.  Body  narrower  Ix'hind  than   in   front Marf/dropus. 

DD.  Body  as  wide  or  wider  behind  than  in  front. 

E.  Shield  pentagonal  in  outline;  antero-lateral  edges  occupying  three- 
quarters  of  the  length  of  the  shield Rliipirrplidlus. 

EE.  Shield  cordiform  in  outline. 

F.  Eyes   hemispherical Ihidhninud. 

FF.  Eyes   tiat {inbhionuiKt. 

44132°— Bull.  G2-10 2 
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LARVA. 

(Key  based  on  known  Transvaal  forms.) 


I 


A.  Bod}'  much  longer  than  wide;  narrowed  at  both  extremities Ixodest  ;. 

4.1.  Body  as  long  as  wide,  or  longer  than  wide,  but  widely  rounded  behind 

B.  Palpi  ])rodueed  into  prominent  lateral  points Ilaindiilnisnlis.    I 

BE.  Palpi  more  or  less  cylindrical. 

C.  Body  as  wide  as  long;  circular  in  outline Apouoinma,   .| 

CC.  Body  longer  than  wide. 

D.  Palpi  very  short  and  thick Munjnnipux.   \ 

DD."  Palpi  elongate.  ; 

E.  Pali)i  of  medium  length;  more  or  less  i)ointed  at  tips;  dorsal  shield    j 

allows  a  i)ortion  of  the  body  to  show  along  its  antero-lateral  edge,   | 

RliipiciltlmUis.    \ 
EE.  Palpi   very   long;    dorsal   shield   covers  all    of  anterior   portion   of   ; 
body. 

/''.  Eyes   hemispherical Hyahmnua.   i 

/'/''.  Eyes   flat Atnhh/owma.   | 

Whatever  jreneral  classification  may  be  i)referre(l  (and  tlie  fore-  i 
going:  summary  indicates  that  the  last  word  on  Ihc  subject  has  not  yet  < 
been  written),  the  o^enus  wliich  interests  us  at  present  is  Dennacentirr^  i 
which  presents  the  followinii"  cliaracters: 

Genus  DERMACENTOR"  Kocli,  1844.  j 

Generic  diagnosis.— /./rK//(?fr  (p.  VI)  :  Caudal  margin  bluntly  rounded.  | 
Color  of  capitulum  and  legs  usually  lighter  than  body.  l>orsum:  Scutum  i 
emarginate  cephalad;  sul)scai)ular  projection  presiMit.  l\ves  present,  usually  ! 
not  very  itromiiieut.  Light-colored  rust  usually  present  but  varial)]e  in  dilTerent  | 
si)ecimens  of  same  siiecies.  Punctations  usuaHy  large  and  small.  FoviH)l8e  ] 
present.  X'euter:  (lenital  iior(>  median,  nioic  oi-  less  nearly  surroundtMl,  es-  j 
pecially  cei>liala(l.  .iiid  espei-ially  in  male,  wiili  large  and  small,  prominent  | 
punctations  with  hairs  which  probably  rei'i"esent  sexual  s«>nse  organs;  situati»d  \ 
well  forward  in  region  of  coxio  1  or  II.  Anus  median,  caudad  of  plane  of  coxe  j 
IV;  j)ostanal  curved  groove  indistinct;  anal  ring  nt'arly  or  (piite  circular.  1 
inclosing  two  lateral  labia  with  semicircular  lateral  outline  and  straight  meiliiin  i 
border,  and  provided  with  symmetrically  placed  hairs.     Stigmal  plates  caudo-  i 

"  Part  of  tlie  characters  given  in  this  diagnosis  will  be  found  to  be  of  more  i 
than  generic  \alue.  Init  they  are  inserted  here  because  tlu"  entire  grou])  is  not  ( 
under  discussion.  j 

For  other,  shorter,  diagnoses  of  this  genus,  compare  llie  following;  ; 

(Jenus  Dkkmackntor  Koch. — "Venter  showing  indistinctly  a  curved  groove! 
beliind  the  aims,  from  which  a  median  line  «'xtentls  to  margin  of  Ixidy.  Capl-  j 
tulum  not  augulat(>  on  sides;  ixu-osc  areas  elliptii-  and  transverse.  Palpi  short  i| 
and  broad,  the  S(X>ond  .joint  barely  longer  than  broad  and  with  a  basal  i)rojeC'  I 
tion  above,  but  not  outward.  Shield  usually  marked  with  white;  ocelli  prestMit  | 
Coxa  I  strongly  bideiitat(>  behind;  coxa  I  \'  of  male  nuu-h  larger  tlijin  other  j 
co\;e,  and  leg  W  larger  than  other  legs.  Abdomen  shows  festoons  behind  (eX-  | 
cept  in  dislendcd  female).  No  :inal  plates  to  male.  Stigmal  plate  large,  usually  j 
reniform   in  fianale.  more  eloiig.ite  in  male.     'I'arsi   II.   III.  au.l   IV   indistinctly  tj 
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lateral  of  and  usually  smaller  than  coxae  IV;  round  to  ov;il,  l)ut  usually  provided 
with  dorso-lateral  prolongations;  usually  somewhat  dissimilar  in  outline  in 
male  and  female;  consist  of  three  layers;  external  layer  shows  goblets,  middle 
layer  shows  middle  portion  of  goblets  and  in  addition  a  large  number  of  smaller 
supporting  chitinous  cells,  which  on  surface  view  assume  the  form  of  a  mesh- 
work  ;  inner  layer  shows  one  stem  to  each  goblet.  Capitulum :  Base  rather 
rectangular,  distinctly  broader  than  long,  its  postero-lateral  angles  prolonged 
c-audad.  Hypostonie  spatulate,  with  minute  terminal  denticles,  followed  usually 
by  three  (in  adults)  [four  in  D.  nitens]  longitudinal  rows  of  larger  denticles 
on  each  half,  these  followed  proximally  by  scale-like  denticles  which  disappear 
first  from  the  median,  then  the  middle,  then  the  lateral  row.  Each  palpus 
longer  than  broad,  but  the  palpi  are  only  slightly  longer  than  their  combined 
breadth;  extend  slightly  beyond  hypostome;  lateral  margins  usually  convex; 
median  surface  of  articles  2  and  3  strongly  excavate  in  long  axis;  article  1 
■;mall,  but  distinct  ventrally;  articles  2  and  3  much  longer;  article  2  broadest; 
irticle  4  small,  subterminal  of  article  3  and  provided  with  several  bristles; 
margins,  especially  veutro-median  margin  of  articles  1  to  3,  provided  with 
bristles  direcfed  antero-mediad.  Legs :  Coxae  increase  in  size  I  to  IV ;  caudal 
margin  of  coxae  I  strongly  bifid  in  both  sexes,  the  lateral  outer  spur  narrower 
ind  usually  longer  than  the  median  (inner)  blade-like  spur;  spurs  on  coxae  II 
lo  IV  become  smaller,  especially  the  median  (inner),  which  may  disappear 
from  coxie  IV;  trochanter  I  with  dorso-distal  retrograde  blade-like  projection 
)r  with  prominent  retrograde  spinous  spur;  all  articles  of  legs  provided  with 
■jpurs,  or  bristles  or  both,  paired  spurs  or  knobs  on  ventral  margin  may  be  very 
irominent  but  variable  in  different  specimens  of  same  species:  tarsi  I  usually 
vith  curved  terminal  spur,  which  is  better  developed  oit  tarsi  II  to  IV ;  pulvillum 
»xtends  beyond  middle  of  terminal  claws. 

Male. — Without  anal  shields.  Much  smaller  and  flatter  than  gravid  female, 
■iides  diverge  from  scapul;e  to  maximum  breadth  usually  near  cox:e  IV  or 
-tignial  plate,  but  divergence  may  be  somewhat  interrupted  at  eyes  near  legs 
I;  caudad  of  stigmal  plates,  convergence  usually  very  rapid.  Dorsum: 
•Scutum  covers  nearly  or  quite  entire  dorsum  (except  cTipitulum)  ;  punctations 
lud  hairs  present.  Cervical  grooves  more  or  less  distinct;  marginal  groove 
isually  fairly  well  marked,  forms  proximal  border  of  11  festoons;  scutum 
isually  reddish  brown,  with  more  or  less  rust;  pseudoscutum  usually  pi-esent. 
Venter:  More  or  less  beset  with  hairs  and  pores,  which  are  very  noticeably 
uore  numerous  near  (especially  anterior  of)  genital  pore  (prol>ably  sense 
•rgan  to  locate  vulva).    Genital  pore  usually  between  coxae  II;  genital  groove 

livlded,  the  parts  subequal  in  length,  and  a  minute  tooth-like  claw  at  apex. 
Ifpe:    D.  reticulatus  Fabricius. — Banks,  1908,  42. 

Dkumackntor  Koch,  1844. — "  Des  yeux.  Base  du  rostre  plus  large  que  longue, 
ectangulniro  a  sa  face  dorsale.  Paljios  courts  et  opais.  Peritremes  en  virgule 
onrte.  Face  ventrale  du  male  deiwurvue  d'ecussons,  semblable  a  cede  de  la 
mnelle.  Hanches  de  la  premiere  paire  bidentees  dans  les  deux  sexes;  celles  de 
I  quatrienie,  chez  le  male,  notablement  plus  grandes  que  les  autres.  Ecusson 
orsal  ordinairement  orne  de  dessius  varies." — Neumann,  18n7a,  3G0. 

Genus  Dermackntor  Koch,  1844. — "  Generic  diagnosis. — LrndUUr,  Rhipicrph- 
:liu(r:  Eyes  present.  Base  of  capitulum  rectangular,  In-oader  tlian  long.  Dorso- 
iibniedian  jiorose  plates  ])resent.  Palpi  short  and  (hick.  Stigmal  i)late  comma- 
liai)ed;  short.  Male  witliout  anal  shields.  Coxa'  I  bidentate  in  both  sexes; 
oxjp  IV  of  male  mucli  larger  than  I  to  III.  Scutum  usually  ornamented. 
'vPK-spixiKs. — Dcnndccntor  rvtiruhitus  (Fabricius,  17!»4)." — Salmon  and  Stiles, 
'•>01a,  447. 
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usually  distinct.     Stigmal  plate  not  always  of  same  form  as  in  female,  hxtti 
shows  same  tjrpe  of  goblets.     Capitulum :  Internal   article  usually   with  twO'; 
visor-like  transverse  ridges  (dorsal  process),  their  free  margins  directed  towatiflj 
body.     Legs:  Coxae  I  to  IV  converge  toward  median  line:  coxai  IV  much  lar: 
than  others,  but  may  present  a  large  and  a  small  type  in  one  and  the  sa 
species  or  even  on  same  specimen:  tarsi  II  to  IV  with  subterminal  spur. 

Female. — Dorsum:  Scutum  usually  rather  prominent  because  of  rust;  cervi- 
cal groove  usually  of  hourglass-like  form;  eyes  at  lateral  angles.  Uncover^ 
portion  of  dorsum  shows  punctations  (circular  pores)  with  hairs;  usual^i 
al.so  a  distinct  niediau,  two  submedian,  and  a  more  or  less  distinct  marginal 
groove.  Foveohe  caudad  of  scutum.  Venter:  I'unctatious  (pores)  and  fine  hairs' 
present;  genital  grooves  diverge  more  or  less  gradually  to  a  point  about  hall 
way  between  coxje  IV  and  anus,  then  more  markedly  to  margins;  meilltm,  j 
iongitudinal,  postanal  groove  usually  well  marked.  Vulva  me<lian.  in  zone  ol 
coxie  II  or  cephalad  of  this  zone.  Capitulum:  Toro.'^e  areas  present,  but  may  I 
be  of  somewhat  variable  outline  in  a  given  species. 

Type  Speciks. — D.  rcticithitus  (Faltriclus.  1TU4)  Koch.  1844,  on  cattle  in 
Europe. 

The  specinieiis  of  Dermacentor  now  in  luy  ])ossossioii  may  be 
divided  into  four  distinct  groups  accordino-  to  the  microM'o[)ic  struc- 
ture of  the  stignial  phites  of  the  adult.  , 

I 

STIU'CTl  HK    or   TIIK    STKJMAI.    ri.ATK."  I 

The  stiginal  phite  is  a  complicated  structinr.  It  will  bo  consid-l 
ered  here  only  in  so  far  as  it  is  of  importance  in  diflerentiating  thej 
species  or  groups  of  sjjecies. 

This  plate  varies  to  some  extent  in  the  two  sexes,  and  it  varies  also! 
in  the  difl'erent  stages  of  development  of  one  and  the  >ame  species.       j 

II exapod  larva. — Several  aiiilior-  have  niciilioiicd  the  prcMMu-e  oi ' 
a  stigma  caudad  of  each  coxie  111.  In  the  hexapod  larv;e  which  11 
have  (>\amined.  a  similar  aperture  is  present  caudad  of  each  coxa  I| 
;,ii(l  II.  If  the  apertmv  caudad  of  coxa-  III  is  a  ^tiguia  (and  thi^! 
interpretation  is  not  called  into  (luestion  here),  then  the  otheis  would | 
seem  to  be  stigmata  also;  accordingly,  the  hexapod  larva  of  a  mim- 1 
her  of  species,  at  least,  is  provided  with  at  least  three  pairs  of  stig-i 
mata.      (See  also  below,  p.  'Jl,  for  a  po.ssible  fourth  i):iir. )  j 

These  stigmata  are  radically  dill'erent  from  the  .stigmal  plates  oi  i 
the  adults.  In  the  hexa])od  of  I>.  ((nderaoni  (preserved  and  ireatedl 
with  caustic),  for  instance,  they  are  small  a]>ertures.  slightly  bioadeii 
than  long,  about  <•  by  10  /i  in  suj)eriicial  diameter,  and  \'l  \)\  lt>  f  ■ 
(outside  diameter)  in  deeper  focus:  the  a])erture  is  provide<l  with  9\ 
■ ■ '      " "        I 

"  The  publication,  of  the  present  paper  has  been  ilcLiycd  some  months.  It  | 
tlu'  meantime  Nultall.  Cooper,  ami  Robinson  (  I'.Kts.  1  )ccenilier.  347-(!.'l  >  liav(  I 
pnl>lislie<l  an  artich'  entille<l  -On  the  structure  of  tiie  spiracles  of  a  tick  j 
ll(nniii>li!/s-(ilis  ininrlafa  Cant'strini  and  F.mz.izo."  in  which  tln'y  give  result*  j 
for  llditniithysalis  similar  in  many  respei'ts  to  those  described  here  foi  | 
l)i  riiiiimttoi:  i 
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?uticular  structure  which  is  slightly  diflFerentiated  from  that  of  the 
■ikin.  Both  on  ventral  view  and  on  optical  section,  these  openings 
:ire  jjrovided  with  a  pair  of  transverse  labial  structures,  seen  upon 
:leeper  focus,  and  apparently  of  importance  in  opening  and  closing 
the  aperture. 

A  pair  of  organs,  in  structure  similar  to  the  stigmata,  is  found 
ventro-submarginal,  laterally  in  the  transverse  zone  of  the  anus.  It 
ivould  seem,  therefore,  that  whatever  ma}^  be  the  number  of  stigmata 
present  in  other  ticks,  the  hexapod  stage  of  this  species  {andersoni) 
apparently  possesses  four  pairs. 

Adult. — In  the  adult  the  stigmal  plate  is  raised  slightly  above  the 
body  cuticle.  It  varies  in  size  and  in  outline,  the  variation,  so  far  as 
noticed,  in  the  same  sex  of  the  same  species  being  much  less  than  the 
variation,  so  far  as  noticed,  between  the  male  and  female  of  any  one 
-pecies,  or  between  different  species. 

In  order  to  arrive  at  an  interpretation  of  the  finer  structure  of  the 
-tigmal  plate,  so  far  as  is  necessary  in  the  present  paper,  it  will  be 
best  to  take  the  species  formerly  considered  the  American  D.  reticu- 
Idtus.  Banks  (1007,  C)08)  has  identified  this  species  with  D.  alhipic- 
f.ns  Packard,  with  which  he  also  makes  D.  variegatus  synonymous. 
Xeumann  identifies  tliis  form  with  D.  occidentalis.  It  is  further 
interesting  to  note  that  there  is  a  specimen  of  tick  labeled  "  D.  alhl- 
mctvs  "  in  the  United  States  National  Museum  which  is  identical  with 
D.  eJecfiis.  The  citation  of  this  confusion  is  not  to  be  interpreted  as 
bven  an  indirect  criticism  of  my  colleagues,  Neumann  and  Banks,  but 
as  illustrating  the  difficulties  which  are  encountered  in  tick  determina- 
tion and  as  showing  how  these  difficulties  may  be  overcome,  at  least 
In  part,  by  the  method  here  described. 

'  I  shall  recognize  the  species  under  consideration  as  a  new  species, 
T>ennacent()r  Hidmoni  (see  p.  55). 

\  If  a  transverse  section  of  the  stigmal  plate  (fig.  34)  is  prepared,  or 
if  the  i^late  is  mounted  so  as  to  show  in  profile,  it  will  be  seen  that 
llie  plate  is  composed  of  three  layers,  which  may  be  called  the  exter- 
nal, the  middle,  and  the  internal.  The  differences  in  these  layers 
ire  caused  by  differences  in  the  component  parts.  Certain  large  chiti- 
iious  gobletlike  structures  are  observed.  The  stem  of  the  goblet  is 
!in  the  internal  layer;  the  rim  and  the  upper  portion  of  the  goblet 
:iccupy  the  external  layer;  the  rest  of  the  goblet  occupies  the  middle 
layer,  and  is  supported  by  smaller  chitinous  structures  of  circular  to 
elongate  form.  These  goblets  varj'^  in  form  in  different  species,  but 
;-^eem  to  be  fairly  constant  in  each  species.  Thus  in  D.  scdmoni  the 
lim  of  the  goblet  presents  a  very  broad  diameter;  in  D.  electus  the 
iroblet  is  very  narrow;  D.  occidentalis  and  D.  andersoni  stand  about 
nidway  between  D.salmoni  and  D.  electus  in  respect  to  this  character. 
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Surface  views  of  the  plate  naturally  Aarv  according  to  the  size  of  i 
the  goblets,  and  it  is  this  variation  which  I  find  to  be  so  useful  in  ^ 
differentiating  the  species  in  question. 

In  surface  views  of  D.  salmoni  the  three  layers  described  for  i 
transverse  section  can  be  easil}"  recognized  (fig.  3:2).  AVe  notice  a 
superficial  layer  of  very  large  rings,  corresponding  to  the  rim  of  the  I 
goblets;  focusing  down  to  the  internal  layer,  we  find  that  for  each  i 
large  ring  there  is  a  small  circle  present,  representing  a  cross  section  : 
of  the  stem  of  the  goblet ;  thus  the  rings  in  the  external  layer  of  the  i 
plate  agree  in  number  with  the  small  circles  of  the  internal  layer;  \ 
focusing  to  the  middle  layer,  it  is  noticed  that  there  is  a  souicwhat  i 
funnel-shaped  structure,  corresponding  to  the  lower  portion  of  the  I 
])()\vl  of  the  goblet,  and  the  spaces  between  these  funni'ls  are  occupied  ] 
by  numerous  structures  more  or  less  ringlike  in  section,  representiug 
cross  sections  of  the  circular  to  elongate  bodies  luenlioned  for  the  I 
Transverse  sections  of  the  plate. 

In  D.  cli'ctuK^  the  rings  of  the  extei-nal  layer  are  Aery  suiall.  deli-  j 
eate,  very  numerous,  but  often  dillicult  to  see  (figs.  3,  5)  ;  fcK-ussing  i 
to  the  internal  layer,  however,  the  circles  (stems)  are  seen  to  be  very  1 
distinct  and  verv  mimerous,  so  that  the  i)late  exhibits  (luite  a  cliarac-  ■ 
teristic  appearance;  tli«'  riinncl.  so  ])i()iuiiieiit  in  the  middle  layer  of  i 
D.  Hdhiiotii^  is  not  seen  on  surface  view,  so  that  this  layer  also,  in  D.  I 
ciccfi/s,  presents  an  entirely  dilferent  ai)pearance. 

In  />.  (iiidt  r.soiiK  llie  lings  (figs.  5),  10)  of  tin'  external  layer  stand  i 
(in  reference  to  size)  between  those  of  1).  xdbnoni  and  />.  chctiiiif  \ 
the  funnel  of  the  middle  layer  is  ])resent,  but  not  large:  the  circles  ( 
of  the  internal  layei-  are  distinct,  but  less  striking  than  in  the  case  of  I 
D.  elect  m. 

In  D.  nlfe/is,  [\\v  stiiiinal  jjlate  (figs.  40-43)  is  very  striking,  'i'lie  I 
rings  of  the  external  layer  are  few  in  iiunil)er  (8  to  20).  and  rela-  ; 
tively  large,  but  they  show  great  variation  in  size  on  any  one  |)late  ■ 
and  their  nunibei-  may  vai'v  on  the  right  and  left  plates  of  one  indi-  j 
\idual:  the  circles  ol'  the  internal  layer  are  not  very  distinct;  the  I 
circles  of  the  middle  layer  are  distinct.  ! 

The  following  (able  giws  the  measurements  in  n  of  the  goblets  ! 
obser\('d  in  a  limileil  numl)er  of  s[)ecimens  of  the  species  discus.sed  i 
in  this  pajx'r. 

1 
I 

1 
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Diameters  of  goblets. 

Surface  measurements  of  goblets. 

Males. 

Females. 

Males. 

Females. 

Longest. 

Shortest. 

Longest. 

Shortest. 

Largest. 

Smallest. 

Largest. 

Smallest. 

Reticulatus  group: 
D.  reticulatus 

19 
19 

40 
40 
43 

5 
5 

13 
5 

12 

16 

18 

39 
40 
43 
25 
30 

85 
49 

115 

5 
5 

15 
12 
10 

7 
7 

17 

26 

8 

78 

19X14 
19X15 

40X30 
37X28 
43X29 

7X7 
6X5 

17X14 
5X5 
16X15 

17X15 
18X18 

39X30 
38X25 
.30X24 
18X16 
30X22 

52X40 
85X58 
49X27 

114X80 

7X6 
6X6 

Anderson!  group: 

D.  Occident  alls 

D.  andersoni 

D.  venustus 

19X15 
14X12 
12X10 
10X9 

D.  p.marginatus.. 
Salmoni  group: 

D.nigrolineatus... 

D.  salmoni 

D.  variegatus 

Nitens  group: 

32 

53 
73 
59 

88 

13 

15 
26 
15 

43 

25X20 

51X35 
70X45 
55X30 

85X75 

17X16 

25X15 
40X30 
24X15 

51X51 

10X9 

28X22 
.39X26 
15X8 

89X79 

The  aperture  (macula)  of  the  stigmal  plate  is  of  some  use  in  deter- 
mining the  species,  but  the  "  chamber "  into  which  this  aperture 
leads  is  of  greater  value. 

This  chamber  may  be  relatively  small,  as  in  D.  ande7'soni  (figs.  9, 
10),  or  it  may  be  very  large,  as  in  D.  parumwpertus  marginatus  (figs. 
17-19). 

With  this  general  introduction  in  mind,  we  may  pass  to  certain 
species  of  Dermacentor.  As  work  in  groups  of  parasites  other  than 
ticks  has  prevented  me  from  keeping  thoroughly  informed  on  the 
recent  extensive  literature  on  the  Ixodoidea^  the  following  account 
should  not  be  interpreted  as  representing  a  revision  of  the  species  of 
Dermacentor^  but  simply  as  a  contribution  to  their  microscopic 
anatomy. 

Banks  (1908,  42-51)  recognizes  the  following  North  American 
species  of  this  genus:  D.  hifurcatus,  D.  cdbtpictt/s,  D.  parumapertus. 
D.  parumapcrtns  marginatus^  D.  venustus,  D.  occidentalism  D.  varia- 
bilis, and  D.  nitens.  These  forms  he  distinguishes  by  the  folloAving 
key: 

TABLE    OF    SPECIES. 

1.  FeiiKiles 2. 

Males 8. 

2.  Stigmal  i)ljite  nearly  cli-cular,  with  from  10  to  20  very  large  more  or  less 

isolated  granulations;  shield  without  distinct  punctures;  color  dark  red- 
brown,  without  markings nitens. 

Stigmal  plate  with  many  much  smaller,  more  crowded  granulations ;  shield 

distinctly  punctured,  and  usually  with  some  pale  markings 3. 

.3.  Stigmal  plate  about  as  broad  as  long;  with  short  and  broad  dorsal  prolonga- 
tion, and  covered  with  many  very  minute  granules,  scarcely  visible  as  such  ; 
shield  plainly  longer  than  broad,  and  much  streaked  with  white-variabUis. 

Stigmal  plate  with  much  larger  granules,  at  least  near  the  peritreme 4. 

4.  Stigmal  plate  without  distinct  dorsal  prolongation;   shield  plainly  longer 

than  broad ^' 

Stigmal  plate  with  a  more  or  less  distinct  dorsal  prolong;ition 6. 
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5.  Shield   mostly   white,    with  brown   streaks  and   spots;    porose  areas   cldsp 

together albipiitiis.  , 

Shield  dark  red-brown,  with  very  little  white;  porose  areas  rather  widely 

separated uigrolincatuis.  i 

(>.  Shield  mostly  white,  about  as  broad  as  long 7.  1 

Shield  without  white,  or  but  little,  plainly  a  little  longer  than  broad ;  po-  1 

rose  areas  but  little  longer  than  broad,  and  well  separated_pfl;-«Hja;K7fMs.  i 

7.  Porose  areas  very  small ;  stigmal  plate  with  rather  wide  dorsal  prolonga-  i 

tion oeridcutalis,  '< 

Porose  areas  larger;  stigmal  plate  with  a  more  narrow  dorsal  jiroloiigation  < 

rcniistiis.  i 

8.  Stigmal  plate  with  from  4  to  10  very  large  isolated  granules:  dorsum  with-  I 

out  white  marks;  only  eight  impressed  lines  behind iiitrns.  . 

Stigmal    i)late    with    many    smaller,    more    crowded    granules;    twelve    im-  j 

pressed  lines  behind 9.  j 

9.  Stigmal  plate  about  as  broad  behind  as  long,  with  dorsal  prolongation,  the  i 

granulations  extremely  minute;  dorsum  marked  with  white  streaks  and  i 

spots rariahilis. 

Stigmal  plate  usually   plainly   longer   than   broad:    the  granulations   much  ■ 

larger 10.  | 

10.  Slii^'iii.il   jilate  without  distinct   aitical   iirolongation  :   the   sides  of  the  body  1 

inoi'c  nearly  jiarallel Tt. 

Stigmal    i)late   with   distinct    apic.il    ]ii-oloiig:ition ;    sides  of  body  more  di- 
vergent  32.  1 

11.  Dorsum   mostly  white,  with  brown  streaks  and   spots  in  a   itattern;   hind  ■ 

angles  of  the  capituluni  but  little  produced:  coxa   IV  about  one-hulf  as  ' 

long  as  broad  on  base:  large  species alhijiictun.  * 

Dorsum   rcd-hrown,   with  black   lines,   no  white;   hind   angles  of  c.ipitnhmi  \ 

nnich   prolonged;   coxa   IV  not  twice  as  broad   on   base  as   long;   species  | 

of  moderate  size iiiffmUnratus.  \ 

12.  Dorsum   with   few,  if  any,  white  spots;  coxa   IV  about   Jis  long  :is  l)rn;id  at  I 

base:   hind  angles  of  cajjituluni  moderately  i)roduce<l pdiiniKiix  rtua.  ' 

Dorsum  liiigcly  white,  or  nuich  spotted  with  white 13.  ; 

lo.   Sligin.ii    plate   nmi-e  atlennati'  behind;   coxa    IV   about  one-half  as  long  as  1 

broad  at  base;  hind  angles  of  capituluni  moderately  itrodnc(xl__rc/jH.v/H."f.  j 

Stigmal  plate  less  attenuate  behind:  coxa   IV  not   twice  as  broad  on  ba.'<e  as  j 

long:    liiiid   angles  of  eaiiilnluin   much   produced occhJcutiilix.  i 

Tt    will    1h'    noticed    (liat    J^aiiUs   has    utilized    the   "irramdatioiis  ■'  1 

(cfohlcts)   of  Ihc  sliiTiiial  j)lat('s  iti  u  iiiaiiiu'f  somewhat  siniihif  to  the  'I 

WAV  Salmon  and  Stiles  (IDOla)   used  tlicm.      lie  has  also  placed  con-  ! 

sideialtle  stiTss  on  the  size  of  coxte  I\'.  j-'iiit her.  the  rust  and  the  1 
])folon<rations  of  the  stiirmal  phile  are  used  in  his  kevs. 

In  the  present   paper,  o-featei- si  ress  will  lie  placed  upon  the  ifohlets  ( 

( o:iainilat  ions)  :    the    nist    and    the    stioinal    prolonirat  ions    nia\     he  1 

utilized,  hnt  witii  reserve;  the  size  of  coxa-  I  \'  will  not  he  i^iveii  much  j 

pfomincnce,  as  in  my  e\|)erien('e  this  is  sn'DJect  to  extreme  variation  I 

and   has  too  fretjnently  misled  me.  j 

/>.  hifiircdfiis  from  a  wild  cat,  in  Texas,  is  not  at  my  di>po-al.  I 

I>.  iilli'tp'xtiis  as  interpreted  by  Banks  represents  at  least  two  1 
species,  namely,  D.  carleyatua  l=albipictui]  and  D.  salmoni. 
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D.  pariimapertus  is  undoubtedly  a  good  species,  but  my  material 
is  not  sufficient  to  permit  as  careful  a  study  as  I  should  wish. 

D.  parumapertus  marginatus  is  present  in  my  material. 

D.  venustus  as  interpreted  by  Banks  contains  two  species,  D.  venus- 
tus  of  Texas  and  D.  andeisoni  of  Montana. 

D.  occidentalis  is  a  good  species. 

D.  nigroUneatus  is  closely  allied  to  D.  salmoni,  but  is  a  distinct 
species. 

D.  variabilis  sen  electus  presents  certain  variations  which  may 
possibly  prove  to  be  of  subspecific  or  possibly  even  of  specific  value. 

D.  nitens  is  so  distinct  from  the  other  species  that  the  probability 
is  present  that  it  will  eventually  be  taken  as  basis  for  a  distinct 
subgenus. 

The  following  key  may  be  utilized  to  distinguish  the  species  dis- 
cussed in  the  present  paper : 

KEY    TO    CERTAIN    SPECIES    OF    DERMACENTOR. 

1.  Adults  with  four  longitudinal  rows  of  large  denticles  on  each  half  of  hypos- 

tome;  stigma^l  plate  nearly  circular,  without  dorso-lateral  prolongation, 
goblets  very  large,  attaining  43  to  115  ix  in  diameter ;  not  over  40  per 
plate,  each  surrounded  by  an  elevatetl  row  of  regularly  arranged  sup- 
porting cells;  white  rust  wanting;  base  of  capitulnm  distinctly  broader 
than  long,  its  postero-lateral  angles  prolonged  slightly,  if  at  all ;  coxae 
I  with  short  spurs;  trochanter  I  with  small  dorso-terminal  blade; 
(Nitens  group) D.  nitens,  p.  63. 

Male:  Stigmal  plate  slightly  longer  than  broad,  with  4  to  11  goblets; 
genital  pore  surrounded  by  numerous  punctations  and  hairs,  a  double 
transverse  row  immediately  caudad  of  pore. 

Female;  Stigmal  plate  nearly  circular,  with  6  to  20  goblets;  genital  pore 
(?  apparently  with  fewer  hairs  than  in  male). 
Adults  with  three  longitudinal  rows  of  large  denticles  on  each  half  of  hypos- 
tome;  goblets  small,  medium,  or  large,  always  more  than  40  per  plate; 
whitish   rust   usually   present 2. 

2.  Dorso-lateral  prolongation  of  stigmal  plate  small  or  absent ;  plates  of  adults 

distinctly  longer  than  broad ;  goblets  large,  usually  30  to  85  fi  in  diameter, 
appearing  as  very  coarse  punctations  on  untreated  specimens,  but  on 
specimens  treated  with  caustic  they  appear  very  distinct  in  outline; 
base  of  capitulnm  distinctly  (usually  about  twice)  broader  than  long, 
the  postero-lateral  angles  distinctly  prolonged  caudad;  spurs  of  coxtB  I 
long,  lateral  spur  slightly  longer  than  median;  trochanter  I  with  dorso- 
terminal  spur Salvioni  group,  8. 

Dorso-lateral  prolongation  of  stigmal  plate  distinct;  body  of1)late  distinctly 
longer  than  broad;  goblets  of  medium  size,  usually  17.5  to  35  or  40  ^t  in 
diameter,  appearing  as  medium  sized  punctations  on  untreated  speci- 
mens, but  on  specimens  treated  with  caustic  they  ap{)ear  very  distinct 
in  outline,  which  is  not  usually  circular;  base  of  capitulnm  usually  less 
than  twice  as  broad  as  long,  the  postero-lateral  angles  always  distinctly 
prolonged  caudad Andcrsoni  group,  4. 
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Dorso-lateral   prolongation  of  stigmal   plate  distinct :   goblets   small,   i-arely  | 

exceeding  17.G  n.  occasionally  reaching  1!»  /u  in  diameter;  on  untreated  J 

specimens    tbey    appear   as    very    tine   granulations,    and    on    specimens  j 

treated  with  caustic  tbey  may  be  ditBcnlt  to  see,  but  tbeir  large  number  i 

can  be  determined  from  tbe  lu'ominent  stems  of  tbe  goblets;  surface  of  ( 

outline  of  goblets  distinctly  circular ;  base  of  capitulum  usually  less  than  :| 

twice  as  broad  as  long,  tbe  postero-lateral  angles  distinctly  prolonged  i| 

caudad  ;  spurs  of  coxfe  I  long Reiiculatus  groui),  3.  j 

BETICULATUS   GROUP. 

,( 
I 

3.  Article  2  of  palpi  with  dorso-lateral  retrograde  sjinr,  sometimes  very  promi-  ! 

nent ;  palpi  with  tendency  to  angular  sides;  trochanter  I  with  tendency  ; 

to  distinct  dorso-terminal  rotrograde  si)ur;  stigmal  plate  with  tendency  j 

to  distinct  elongatioTi,  es])(>cia!ly  in   male,  with  more  or  less  distinctly  j 

terminal   prolongation,   .ind    with   rather  broad  margin  free  of  goblets;  j 

type  locality  Europe D.  tcticulatus.  p.  2.S.  '■ 

Male:  IMale  long  and  narrow,  goblets  about  375  per  plate.  r>  to  T.t  n  in  i 

diameter;  genital  jiorc  surrounded  by  numerous  large  and  small  puucta-  i 
tlous. 

Female:  Plate  not  so  long  as  in  male,  relatively  broader:  goblets  about 

'JO(»  jicr  plate.  ~>  to  10  /x  in  diameter:  genital  pore  surrounded  by  large  and  < 
iiuMicrous  smaller  punctations. 
Artitle  1.'  of  paliti  with  geuenilly  not  very  prominent  dorso-median  retrograde 

prolongation;    p.ilpl   willi    Iciidcncy   to  convex  sides;   trochanter   1    with  I 

rather  indistinct  s]tur,  often  ;ilmost  res(Mnbling  a   blade;   stigmal   plate  ;| 

with  decided  tendency  to  broadness,  especially  in  fem;ile,  with  tendency  |^ 

to  subterminal  prolongation,  and  with  nnicb  narrower  or  no  m.irgin  free  ( 

of  goblets:  goblets  niiiy  .ittain  .">;!."»  in  number  and  .">  to  1!>  /x  in  diiinieter;  ] 

tyi.e  l..cality,  I'nited  States /).  circtus.  \k  2!1.  I 

Male:   I'late  mutb  shorter  than   in   />.   r(ti<'ul(itUK,  and  with  smaller  aper-  '. 

ture :  npcrtiiie  sni;illcr  tliiin  in  tcin;ii(>  <  hctiis;  about  i*l^~>  goblets  p»'r  i»late,  ' 

n  to  r.i  M  ill  di.-inieler:  genital  |inrr  with  large  and  small  punctations.  < 

I'eniale:   I'Lite  usually  extrcnicly  Inn.id.  with  large  aiH>rture.  and  dtn-idedly  ij 

subtermin;il  prolongation  :  about  4~>i)  goblets  jier  pl.ale.  ."i  to  IS  ^  in  diaine-  I 
ter;  genital  pore  with  large  and  smaller  iiunctations. 

ANDKKSOM     CKOII'. 

4.  Trocbanter    I    with    distinct    dorso-subterminal    retrogrndo.    sharp,    digit.ate 

sjiur:  jiostero-lateral  angles  of  capitulum  pronoun<'edly  prolonge«l  cauilad. 

1  r_'  to   KM)  fi  long;  goblets  attain  13  to  40  fi  in  diameter;  tyjie  locality.  ^ 

California D.  ocrulrutnlis.  jt.  32.  il 

Mall':   Stigmal   plat*-  «'longiite.  small,   with  ;ibout   Cf)  goblets,   which  attain  '! 

13  to  40  fi  in  dianu'ter. 

Female:   Stigmal  plat*'  much  broader,  with  .abont  To  goblets,  wbifb  attain  I 

1.">  to  3!)  ft  in  diameter.  ', 

'I'rochanter   I   with  dorso-subterminal  Itlnde;   poslero-l.ateral  angles  of  cajiitu-  1 

linn  with  rather  sliort  i)rolongatlons:  I 

Male 5.  i 

Female 6.  ! 
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5.  Stigmal  plate  small,  prolongation  forming  very  obtuse  angle  with  plate ;  gob- 
lets about  45  per  plate,  scattered,  not  covering  entire  plate,  not  angular, 
but  nearly  circular;  goblets  attain  44  in  number,  13  to  32  /x  in  diameter; 
coxje  I  with  unusually  short  spurs,  the  inner  considerably  shorter  than 
outer;    scutum    with    very    little    rust;    small    species,    type    locality, 

Arizona D.  pariimapertus  mnrginalus,  p.  48. 

Stigmal  plate  twice  as  large;  broad  prolongation,  forming  rounded,  somewhat 
obtuse  angle  with  plate ;  goblets  about  75  per  plate,  scattered,  those  near 
aperture  somewhat  elongate,  those  in  prolongation  more  circular,  may 
attain  12  to  43  fi  in  diameter;  coxae  I  with  longer  spurs,  inner  slightly 
shorter    than    outer;    scutum    with    considerable    rust;    type    locality. 

Texas D.  venustus,  p.  43. 

Stigmal  plate  still  larger;  prolongation  shows  decided  tendency  to  form  right 
angle;  goblets,  about  157  per  plate,  attain  5  to  32  or  40  fi  in  diameter, 
tendency  to  angularity;  coxiB  I  with  long  spurs,  inner  slightly  shorter 
than  outer;  scutum  with  considerable  rust;  type  locality.  Bitter  Root 
Valley.  Arizona D.  andcrsoni,  p.  36. 

0.  Stigmal  plate  small,  its  chamber  relatively  unusually  large,  occupying  nearly 
entire  body  of  plate;  a  portion  of  dorsal  margin  without  goblets  or  sup- 
l)orting  cells;  goblets  around  aperture  with  unusual  tendency  to  circular 
outline;  about  90  goblets  per  plate;  prolongation  with  few  goblets; 
scutum  with  little  rust;  coxie  I  with  short  spurs,  tlie  inner  distinctly 
shorter  than  the  outer  : 
D.  iHininiajicrtiis:  Tyiie  form  from  Lakeside,  Cal.,  requires  further  study; 
apparently  dorsal  margin  of  plate  narrow,  about  90  goblets  of  7  to  25  fi 
diameter,  prolongation  shows  tendency  to  form  very  acute  angle,  little 

rust  in  scutum p.  46. 

D.  parumapertus  marginatns:  Broad  triangular  dorsal  margin  of  plate  with- 
out goblets;  goblets  73  to  99  in  number,  7  to  30  /x  in  diameter,  prolonga- 
tion shows  tendency  to  form  acute  angle ;   very  little  rust  on  scutum. 

chiefly  present  near  margin;   type  locality  Arizona p.  48. 

Stigmal  plate  larger,  chamber  relatively  smaller,  does  not  occupy  nearly  all 
of  body  of  plate;  very  little  if  any  of  dorsal  margin  free  of  supporting 
cells;  goblets  around  aperture  show  decided  tendency  to  angularity; 
scutum  with  considerable  rust ;  coxie  I  with  long  spines,  inner  slightly 
shorter  than  outer 7. 

7.  About  105  goblets  per  plate,  attain  10  to  43  fi  in  diameter,  apparently  absent 
from  marginal  band;  requires  further  study;  type  locality  Texas. 

D.  venustus,  p.  43. 
About  120  goblets  per  plate,  attain  12  to  32  or  40  fi  in  diameter,  absent  from 
narrow  marginal  band;  prolongation  shows  decided  tendency  to  form  an 
acute  angle  with  [date;  type  locality  Bitter  Root  Valley.  Montana. 

D.  andcrsoni,  p.  36. 

SALMONI   GROUP. 

s.  Ooblets  may  exceed  100  in  number,  are  crowded  together,  and  attain  15  to  59 
fi  in  diameter;  aperture  equatorial;  body  elongate,  quite  pilose,  rust 
present;  capitulum  and  coxae  I  large;  tyi)e  locality  North  America. 

D.  vnriegatus,  p.  60. 
Male:  Pseudoscutum  distinct;  goblets  attain  126  in  number,  15  to  59  n  in 

diameter. 
Female:  Scutum  large,  1.7  to  2.1  mm.  long;  goblets  attain  108  in  number, 
8  to  49  M  in  diameter. 
Goblets  do  not  exceed  90  in  number 9. 
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9.  Goblets  51  to  79  in  number,  and  26  to  85  /i  in  diameter;  aperture  usually 
equatorial ;  body  not  so  elongate  and  pilose  as  in  varicgatii.s.  rust  present; 
c:ii)ituluni  and  cox;e  I  smaller  than  in  raricgatufi;  stifrmal  plate  rather 
irrefiuiar  in  outline;    type  locality  Oklahoma I),  snltninii.  p.  55. 

Male:  I'soudoscutum  not  distinct;  j;()l)lets  51  to  50  in  number,  20  to  73  fx  in 
diameter. 

Female:    Scutum   large,   1.3  to   2   nun.   long;    goblets  attain   71   to   79   in 

number,  26  to  85  /*  in  diameter. 

Goblets  about  70  in  number.  15  to  53  /u  in  diameter;   small  species,  quite 

pilose  but  without  rust;  capitulum  and  coxte  I  small;  type  locality  Adi- 

rondacks,  X.  Y D.  nifintUncntus.  p.  51. 

Male:  I'scudoscutum  very  indistinct  or  absent;  stigmal  plate  elongate  with 
preeqiiatorial  aperture;  goblets  about  69  in  numi>er,  15  to  53  n.  in 
di;i  meter. 

Female:  Scutinii  small,  1.1  to  1.4  nun.  long;  stignuil  iil.-itc  irregularly  cir- 
cular; goblets  ()0  to  1(»3  in  mniiher.  17  to  52  ^  in  diameter. 

RETICtn-ATUS  GROUP. 

Dermacenior  retirvlatuf<  and  D.  electus  [=/^.  variahiUs  (Sav) 
Banks]  show  small  o:()blet  cells  of  very  nearly  the  same  size,  rarely  ex- 
cee(lin<i-.  in  tiie  ea.ses  I  have  thus  far  measured.  17.<'>  ^  in  diameter. 
On  account  of  their  small  diametei'  they  are  not  i)r()minent.  and  hence 
they  can  he  easily  overlooked.  i)ut  if  a  lower  focus  is  taken  the  .stems  of 
the  goblets  (in  the  inner  layer)  conii'  piominently  into  view. 

DERMACENTOR  RETICUIATUS  (Fabricius.  1794)  Koch.  1844. 
(  h'igs.    1.   •_'.   111.  .-,(1.   71.   S2.  s:;.    101.    1(12.   12(1.    121.) 

1794:  AcaruK  rrliciihihis  Kahricius,  1794a.  428  (host  ?  ;  Europe). 

1.S44:  DrniKicriiiiir  ntittiliitii.s  (  I'abrieius,  1794)  Koch.  l.S44a,  23.5. — Nemnann, 
I'.Mlla,  .340  (names  lins  tdiirus  as  tyite  host:  France). — Salmon  and 
Stiles,  1901a,  44S-452  //(  iiari  oiihi  ( n.inieiy,  exclusive  of  Anierit-.in 
specimens  and  of  figs.  01.  109-177). 

The  four  specimens  here  taken  as  />.  i<  ficuldfiis  are  accejiled  as  such 
on  basis  of  determination  by  Neumann.  'V\\v\  l)e:ir  the  number  V.  S. 
F).  .\.  I.  :V.i()4,  were  collected  in  France,  and  re])i('S('nl  two  male-  and 
two  females. 

One  male  has  a  veiy  i)rominent  dorsal  retrofrrade  spinous  j^roloncra- 
tion  on  the  second  palpal  article  (fi^^  40),  but  this  is  very  nuich  less 
e\  ideiit  on  one  female,  and  is  not  evident  on  the  other  male  and  female. 
The  palpi  of  the  male  with  the  ictrograde  i)rol()n<ration  are  very  pro- 
nouncedly swollen  laterally  and  one  female  airrees  in  this  character; 
the  othei-  male  and  the  olhci-  female  have  i)alpi  which  are  much  nar- 
rower. Kither  these  palpal  characters  would  thcicfor*'  ai)pear  to  be 
of  less  value  than  has  heretofore  been  assumed,  or  idtimate  invest i<;a- 
tions  may  .show  that  two  species  are  .still  confu.sed  in  the  European 
D.  rcticulatiis;  the  pair  without  the  retrograde  spine  is  strongly  sug- 
gestive of  D.  clectm. 
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The  stigmal   i^lates  are  shown  in  fignre  1    (male)    and  figure  2 

(female). 

It  will  be  noticed  that  these  plates  are  not  identical  in  outline. 
That  of  the  male  is  much  more  elongate  than  that  of  the  female. 
They  agree,  however,  in  certain  important  characters,  namely:  The 
goblets  present  approximately  the  same  relative  distribution,  being 
closer  together  near  the  aperture,  but  somewhat  more  separated  and 
decidedly  smaller  near  the  periphery.  Numerous  (215  to  378)  gob- 
lets are  present,  and  these  attain  a  maximum  diameter  of  10  /x,  but 
the  peripheral  goblets  may  be  as  small  as  7  fi. 

The  longest  diameter  of  the  male  plate  is  848^;  the  greatest 
breadth  480 /x.  The  length  of  the  female  plate  is  656^;  its  breadth 
is  4(54  fx. 

If  it  should  eventually  develop  that  the  present  D.  reticuJatus  of 
Europe  contains  two  species,  the  name  should  be  confined  to  forms 
with  stigmal  plates  as  here  described  and  with  a  prominent  dorsal 
retroo-rade  spinous  prolongation  on  the  second  palpal  article. 

Neumann  has  designated  Bos  t(ntri/s  as  tj^pe  host  and  France  as 
type  locality  for  this  species. 

DERMACENTOR    VARIABILIS    (Say.    1821)     Bank,    1907=DERMACENT0R 
ELECTUS  Koch,  1844. 

(Figs.  3-H.  51,  .J2,  72.  S4.  S.j.  103,  104.  122,  123.) 

1821 :  Lrodcs  inriabilis  Say,  1821.  77. 

1844:  Dermaccntor   electus   Koch.    1844a,    235    (type    locality.    Pennsylvania); 

1847a,  109,  pi.  22,  figs.  83-84. 
11(07:  nrnnaceutor  rariaMlis  (Say,  18211  Banks,  1907.  608:  190S.  49-50,  pi.  7, 
tigs.  .3-4,  6.  8.  pi.  10,  figs.  3-4. 
As  basis  of  this  species  I  have  taken  a  series  of  specimens  deter- 
mined as  D.  electus  by  Neumann.  Some  of  these  were  determined 
independently  as  D.  elecUis  by  myself  and  agree  with  the  form  which 
Salmon  and" Stiles  (1901a,  455-456,  figs.  18G-214)  published  under 
this  name. 

Banks  (1907,  608;  1908,  49-50)  makes  this  species  identical  with 
Say's  Ixodes  rariabUis  1821,  and  he  adopts  the  name  D.  rariahiUs. 
Banks  informs  me  that  this  identification  is  based  upon  comparison 
of  descriptions,  not  upon  comparison  of  types.  Personally  I  have 
formed  no  opinion  as  yet  upon  the  correctness  of  this  synonymy.  The 
form  which  I  here  discuss  is  D.  electus;  if  Banks  is  correct  in  his 
\  iew,  Say's  specific  name  takes  priority. 

The  stigmal  plates  of  D.  electus  [=Z>.  rariahiUs  (Say)  Banks] 
are  very  similar,  in  respect  to  the  size  of  the  goblets,  to  those  of  D. 
nficulafu.s.  although  the  distribution  of  the  goblets  is  somewhat 
il liferent,  and  the  outline  of  the  plates  also  presents  marked 
ditl'erences. 
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The  male  plate  is  not  so  pronouncedly  elongate  as  the  male  plate 

of  I),  reticulutiis  and  in  the  female  plate  the  ''  comma  "  is  more  equa-  i 
torial  while  in  the  female  D.  reticulatus  it  is  nearly  terminal. 

It  will  be  noticed  in  fifjures  3  and  4,  of  the  male  plate,  that  the  | 
tail  of  the  "  comma  *'  is  nearly  terminal. 

Comparing  the  plates  of  D.  electus  with  those  of  />.  reflctdafi/s,  it  I 

will  be  noticed  that  the  goblets  are  more  numerous,  and  more  tcvu-  i 

erally  distributed  in  the  former  and  extend  quite  to  the  perii)lierv  i 

of  the  plate,  while  in  /K  reticulatus  they  do  not  attain  the  periphery,  i 

In  some  specimens  of  I),  electus^  considerable  variation  was  found  1 

in  respect  to  this  point.  ' 

In  I),  electus,  the  goblets  are  455  to  5.'5()  in  number,  may  attain  •. 
10  fi  or  even  19  /n  in  diameter.     It  is.  however,  often  (juite  difficult 

to  see   the   upper  portion   of   the   goblets    (tigs.    '.\   and   .">)    although  j 

it  is  very  ejisy  to  see  the  lower  stems  (fig.  4)   whicli  naturally  give  ! 

a  clear  idea  of  the  distribution;  these  stems  may  attaiu  .'>  to  (>  fx  or  j 
even  8  /x  in  diameter. 

The  (liMUibc'i'  iiiidei'  thi'  breathing  j)oiv  is  ivlatively  small,  elougate, 

and   uear  the  ventro-uiedian  margin  of  the  ])late.     The   plates  may  I 
attain  (UJS  to  ()72  /x  long  by  4'_!0  fx  bi-oad  in  the  male,  and  .^l-J  to  T.-i'J  /x 

long  by  480  to  640  fi  broad  in  the  female.  ij 

In  connection  with  the  foregoing  obser\ at ious  the  follow  iunf  sped-  \ 

mens  have  been  examined:  j 

U.  S.  I'..  A.  I.     l'l.".l.  tiiiin  skill,      llx.niiiiicd  liy  .Xciiiiiiiiiii  in  <-nimc<-licni  willi  his  | 

revision  (if  tici<s  and  rrcoj^nizcHl  ;is  I).  (Icctits.  \ 
V.   S.   H.  A.    I.     L'l.'tf..   cdlU'cted  l).v  ('(xtiicr  Ciirtlcc   mikI   (lolcniiiucil   liy   liiin  as 

/>.  (iiiicrira'iiii.s;  nvxaniined  l).v  Cliapniaii  and  delcniiiiuHl  as  />.  clrctus.  | 

r.  S.  I'..  A.  I.  LMTiT,  ((illccti'd  by  I  M-.  H.  C.  Wilder,  fntiii  Ciniis  finniliaris  at  Sia.s-  | 

(•(Hisel.  ^'a^tll(•k('l.  Mass.,  July.  ISS!!;  di'leruiiiied  by  Nciunaiiii  as  />.  iniicri-  | 

(•till  lis   \  —  elect  IIS  |.  j 

f.  S.  I!.  .\.   I.  L'lr.N,  (•nllcctcd  Ity   Ilassall.  .July   11'.    is'.rj.  fvom  Ciinis  fiiiiiilinris ;  ( 

dclcriiiiiUMl  by   .Xciiinaiiii,   February    I.    IMtT.  as  J),  iiniiiieuniis   \~  eU'etus\,  ' 

r.  S.  r..  .\.  I.:!un.   ((.llectcd   in   is'.is  fniiii   lins   liiiiriis,  at   SI.   .Tosei>h.  Mo.;   de-  I 

ti-niiiii('<l   lIKil  l)y  Stiles  as  />.  electus.  \ 

r.   S.    i:.  A.    I.  ;nr.O,  colicclcd   May  U.".   l,Si)!t,   l.y    .Mrs.    K.   K.   .Miller,   fnuii   Cdiiis  { 

film  it  in  lis,   at   .ToppM.    -Md. :    delerniined    Is'.ip   by    Stiles   and    llass.-ill    ;is   /). 

iinierieamis   \  =  eli-etiis\.  j 

r.  S.  It.  .\.  I.  :!L'0,"(.    Sti^'nial  jilale  of  iinnsnal  outline.  ' 

r.   S.    I'..  A.    1.  :V21V.),  colleeted   in    TJUl    by    \V.   S.    I  >.    Haines,    from   Ciiiiis  faiiiil-  I 

iiiris.  at  .Toppa.  M<1. :  deteniiined  IKtU   by  Stiles  as  I).  <lerliis.  j 

1".  S.  H.  A.  I..'U():{.   cdllectnl   May.   1002.   by   Kphriain  Cntter.    from   Cuiiis  fmnil-  ■ 

i<iris.  at  West  ralinoutli.  Huzzards  Hay,  Mass.;  determined  VM)'2  l)y  Stiles 

as  /*.  (teetiis. 

r.  S.  I'..  A.  I.  .•{r>1S.  colloeled  .Tnly  ;;.  UKCt.  by  Dr.  .].  K.  .\b.|iler.  from  Cnnis  fniiiil-  I 

iiiris,  at    Wasliini;ton.   D.  C;  determined   .Tuly  :'..    I'.mi:;.  by    Kansom   :is  I>.  I 

eleeliis. 
V.  S.  r,.  A.  I.  .•{.".2;),  oollootod  Alljinst.  I'.mi:!.  by  .7.  S.  .T.aekson,  from  Has  tniinis.  i\{ 

San  I, Ills  Oldspo.  ('.•il.:  determined  by  K;insom  as  />.  (lulus.  \ 
\  .  S.  It.  .\.  1.    l(i:;7  (from  L'l-JC.l.  eollecled  Octolter.  IMKt.  l)y  Cooper  Curtice,  from 

H',s  tmirus.  at  .\lbany,  Te.x. ;  deteniiined  bv  Nenmanii  as  D.  ehelus. 
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IT.  S.  B.  A.  I.  4138,  collected  from  Bos  taurus  in  IMaryland ;  determined  June  15, 

1905,  as  D.  electus. 
U.  S.  B,  A.  I.  4360,  collected  from  wild  cat,  California. 

The  following  specimens  bear  numbers  of  the  U.  S.  P.  H.  &  M.  H.  S. : 

U.  S.  p.  H.  &  M.  H.  S.  9746,  female  belonging  to  U.  S,  Nat.  Mus.  (old  number 

23S1),  from   (?  S.  C.)   Birdslee,  Gainsville,  Ohio,  July  5,  1883;  determined 

January  4,  1906,  by  Stiles  as  D.  electus. 
U.  S.  P.  H.  &  M.  H.  S.  9758,  female  belonging  to  U.  S.  Nat.  Mus.   (old  number 

5760)  ;  determined  by  Stiles  as  D.  electus. 
U.  S.  P.  H.  &  M.  H.  S.  9773,  male  belonging  to  U.  S.  Nat.  Mus.  (no  number)  ; 

collected  in  Virginia,  June  12,  1881. 
U.  S.  P.  H.  «&  M.  H.  S.  9781,   male  belonging  to  IT.   S.   Nat.   Mus. ;    original  label 

reads  "  506,  swept  from  grass.  Coney  Island,  L.  I.,  J.  L.  Zabriskie,  27.  V. 

1891 ;  Ixodes  albipictus  Pack. ;  "  the  determination  was  apparently  made  by 

Ashmead ;  redetermined  D.  electus  by  Stiles. 
U.  S.  P.  H.  &  M.  H.  S.  9920,  collected  August  17,  1905,  by  S.  Goes,  from  Cawis 

familiaris,  at  Gurley,  Tex.;  determined  by  Stiles. 
U.  S.  P.  H.  &  M.  H.  S.  10624,  locality  and  host  unknown. 

The  following  specimens  are  from  Marx  Collection  (now  in  the 
U.  S.  Nat.  Mus.)  ;  they  were  determined  by  Marx,  and  later  redeter- 
mined by  Neumann  as  D.  electus  or  D.  americanus: 

Marx  123,  from  Mexico. 

Marx  124,  host  Canls  familiaris;  Nantucket. 
Marx  125,  host  panther;   Florida. 
Marx  126,  host  Canis  familiaris;  D.  C. 
Mai-x  127,  host  Canis  familiaris ;  D.  C. 

Marx  128,  host  Canis  familiaris ;  one  specimen,  from  Labrador.     So  far  as  can 
be  judged  from  unmounted  material,  the  determination  seems  to  be  correct. 
Marx  1.30.  Minnesota.     Same  as  preceding  number. 
Marx  131.  Alabama.      Ditto. 
Marx  132.  Alognakig,  Alaska.      Ditto. 
Marx  133.  Host  Canis  familiaris ;  Nantucket. 
Marx  134.   Host  Equus  cahallus;  Kansas. 
Marx  ]3().  San  Jacinto.  Cal. 

Marx  140.  Host  and  locality  not  given.     Examined  by  Neumann,  but  apparently 
I        not  by  Marx. 
'Marx  141.  Ditto. 

As  already  indicated,  the  foregoing  specimens  present  considerable 
variation  in  certain  characters,  and  it  is  by  no  means  excluded  that 
the  American  D.  electus  will  eventually  be  subdivided  into  several 
distinct  species  or  subspecies.  Our  material  does  not  contain  a  suf- 
ficient number  of  specimens  from  any  one  given  locality  to  enable 
us  to  conclude  safely  whether  the  variations  noticed  are  individual  or 
specific. 

ANDERSONI    GROUP. 

AVe  now  pass  to  a  grou])  in  which  the  goblets  are  of  medium  size, 
[usually  varying  from  about  1T.C>  (o  .'55  /x  or  40  fx  in  diameter. 
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DERMACENTOR  OCCIDENTALIS  Marx,  1892. 

(Figs.  7.  S,  ry.i,  54,  73,  SO,  S7,  10.^),  100,  124,  125.)  '  j 

l.sr»2:  Dcrmarcntor  occidentalis  Marx  iu  Curtice,  1802g,  22G  (ou  Bos  taunis;\ 
California),  234  (on  cattle,  deer,  dog,  and  man);  lS92i,  237. — Banks,  , 
1!M)7,  OOS;  lOOS,  47-48,  pi.  S.  figs.  1-2.— Morgan.  lS99a,  134.— Neumann,  i 
lS07a,  .3(>5  (as  syn.  of  D.  reticiilaiiifi)  ;  1!)0."k1.  2:55  (  var.  of  D.  rdiriila-  j 
/«.s).— Kailliet.  IsO.Sa,  714.— Salmon  and  Stiles.  l!»01a.  44'.»  (syn.  of  D.  \ 
rcticiilutus). 
1905:  D.  rvtkuhitus  occidentaUs  (Marx,  1892)  Neumann,  1895d,  235-23(;.  , 

Not:  D.  occidentalis  of  Montana,  mentioiuHl  in  conne<'tion  with  Rocky  Moun- I 
tain  Spotted  Fever. 
Specific  diai;no.sis. — Dcnnaccntor  (p.  is)  :  $  and  young  9  :  Caudal  margin  i 
nearly  semicircular.  Color  lalcoliol  si)ecimens)  light  to  dark  rcddisli-browu,  i 
exce[»t  for  rust  on  scutinn:  cai)itulum  and  h>gs  lighter.  Dorsum:  Eyes  not] 
prominent.  Scutum  with  whitish  rust  (alcohol  specimens)  punctations  large  j 
and  small,  ^'enter:  (Jeiiital  pore  surrounded  by  numerous  hairs  [i)  which] 
are  much  less  promincut  and  less  numenius  in  female  tlian  in  female  of  D.  . 
andcrsoni.  An.il  ling  (ircuiar  or  slightly  broader  than  long,  diameliTs  vary; 
between  192  and  272  /x.  Stigmal  pl.itcs  willi  jirondnent  dorsodateral  prolonga-  j 
tion.  which  sljuws  a  tendency  in  tmni  al  ihecniidal  margin  of  the  plate  a  broadly  i 
rounded  obtuse  angle  in  the  male  and  an  acutt'  angle  in  the  female;  aperture  i 
elongate,  relatively  not  (juite  so  long  as  in  l).  aiidcrsoni ;  goblets  of  medium  \ 
size,  attain  about  32  fi,  exceptionally  40  /i.  in  diameter,  are  closely  set,  but  may  i 
be  not  so  closely  set  as  in  I),  iindcrsitiii.  and  occupy  nearly  entin'  surface  except  j 
margin  .ind  disi.-il  pm-liDn  of  prolongation:  nieslies  nf  middk-  layer  about  9  /li 
in  dianieler;  stem  of  goblets  about  .">  to  C  /j.  in  diameter.  Capitnlum:  I'ostero-  i 
lateral  i)rojections  of  ba.se  long  and  piominent.  giving  to  posterior  ni.-irgia 
(especially  of  male)  a  prominently  concave  line.  External  article,  see  male,! 
Ilypostome,  e.icli  half  with  a  iiiiniber  of  niimite  subterminal  denticles,  followed  | 
by  thr(H'  rows  of  larger  deidicles.  followed  proximally  by  smaller  scaledikei 
deidicles.  I'alpi,  lateral  margins  somewhat  convex,  but  for  iiart  of  the  distance  i 
nearly  straight;  four  to  five  strong  bristles  on  ventro-median  margin  of  article  (j 
1;  article  3  not  distinctly  triangular  dorsally.  may  even  apiH-ar  rather  (piad- i* 
rangul;ir:  few  bristles  on  concave  m.nrgin  of  dorso-ternunal  portion,  terminal  « 
bristles  present;  an  indication  of  a  doi'so-retrograde  prolong;\t  ion  at  iiostero- 1 
mediiin  angle  of  article  2.  Legs:  I„itei;il  (outer)  spur  of  coxa'  I  longer  than  K 
the  median  (inner)  spur;  trocbinilcr  1  willi  sli-oug  and  \rvy  prominent  sharp  |l 
retrogr.ade  spui-;  spiii-s  or  knobs  on  vcnir.Ml  margins  of  fennir  I\',  tibia  IlI-IV,  i 
and  protarsus  IN',  variable  in  dilVereiit  specimens.  se(>  male;  tarsi  I  with  very'* 
small  terminal  spur.  | 

il/rt/c— Length.  ."..OS  to  4.5  mm.  (cxclnsivc  of  idnd  legs);  greatest  breadth,  <i 
2.0  to  2.50  nun.  I'.ody,  oval  :  unnioinited  specimens  .atl.iin  O.S  to  O.SO  mm.  broad  Ij 
at  scaptdie,  specimens  inoimled  under  iiressiire  m.iy  measure  tip  to  0.88  ium|  Ij 
at  this  point;  the  sides  diverge  from  here  until  they  re;u-h  tli(>ir  maximum  J 
diameter  at  coxa'  I\'  to  ■•interior  nuirgin  of  stignml  plnte.  where  they  vary  from  | 
2.0  to  2..".0  nun.  in  mimonidtsl  specimi'iis.  dorsum:  S(Utum  covers  ne:irly  or  ll 
(piite  eiilire  dorsum  (except  caiiitulum)  ;  scapul;e  pro.jt'et  (».20  to  0.:{2  mm.  l| 
from  border  of  excav.Mllon  ;  cervical  grooves  nuich  more  distinct  aideriorly  <i 
than  posteriorly;  marginal  groove  rather  indistinct:  scnttim  reddisii  Iirown,  (I 
ne;irly  covered  with  thin  rust  ;  i)seiHloscutum  distinct  but  not  very  |)romlnent, 
extending  ;dioid  o.lo  of  length  of  scidnm  in  medi.in  lin(>;  red  spots  not  so  < 
proiniiM'iit     Cilcohol    specimens)    as    in    /».    (iiuliisuiii,   .-ind    r;itber    vari:ible.    the 
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most  prominent  are:  (a)  Four  short  spots  arranged  radially  or  nearly  so,  from 
caudal  margin  of  pseudoscutum ;  (b)  two  spots  back  of  these;  (c)  a  narrow 
elongate  median  and  two  shorter  somewhat  elongate  submedian  spots;  (d)  the 
forked  spot  somewhat  indistinct,  may  also  be  nil ;  dorso-marginal  spots  very 
variable,  several  may  be  seen  each  side  or  they  may  be  very  indistinct;  the  rust 
on  the  eleven  distinct  postero-marginal  festoons  exceedingly  variable;  numerous 
small  and  a  few  larger  punctations  present ;  minute  hairs  issue  from  many  of 
these  punctations.  Foveolse  a  short  distance  caudal  of  pseudoscutum,  dorsal  of 
or  near  median  margin  of  coxae  IV,  and  measuring  48  to  64  /x  or  even  80  /t  in 
diameter;  in  one  case,  one  foveola  was  divided  into  two.  Venter:  Ventral  sur- 
face sparsely  beset  with  hairs  which,  with  the  circular  pores  through  which 
they  pass,  are  noticeably  more  numerous  around  the  genital  pore.  Genital 
pore  between  coxse  II ;  genital  groove  distinct.  Stigmal  plate  0.320  to  0.512  mm. 
long  (through  the  aperture);  0.256  to  0.440  mm.  broad  (including  prolonga- 
tion) ;  0.40  to  0.56  mm.  from  antero-median  margin  to  tip  of  prolongation;  gob- 
lets may  attain  about  65  in  number  and  13  to  40  fi  in  diameter.  Capitulum : 
0.46  to  0.688  mm.  long;  base  0.40  to  0.528  mm.  broad,  and  0.224  to  0.30  mm. 
from  posterior  margin  to  anterior  margin  of  portion  over  palpi ;  postero-lateral 
prolongations  112  to  160  m  hi  length,  rather  sharp.  Mandibles  0.768  to  0.832 
mm.  long;  digit  112  to  128  fx.  long;  external  article  with  proximally,  rather 
large  recurved  tooth,  a  small  subapical  tooth,  and  an  exceedingly  small,  almost 
invisible  apical  tooth;  dorsal  process  of  internal  article  elongate  transversely 
with  two  visor-like  transverse  ridges,  similar  to  D.  andcrsoni.  Hypostome  with 
seven  to  eight  large  denticles  in  each  row.  I'alpi  0.40  to  0.432  mm.  long,  each 
palpus  208  to  272  fi  in  maximum  breadth;  article  2  with  four  to  live  bristles 
on  ventro-median  edge;  article  3  with  one  to  two  bristles  on  ventro-median 
edge.  Legs:  Coxa?  IV  present  two  types;  they  may  be  relatively  short  or  long; 
tibia  III,  and  femur,  tibia,  and  protarsus  IV  provided  with  a  double  row  of  three 
Itrominent  ventral  knobs  or  spurs,  especially  large  on  tibia  IV;  femur  IV  also 
with  a  small  additional  ventral  pair  of  spurs;  tarsi  I  with  terminal  recurved 
spur,  variable,  may  be  practically  nil,  or  may  be  rather  well  developed;  tarsi 
II  to  IV  with  subterminal  spur,  variable  in  different  specimens. 

Young  /r;»«Zc.— Length  4.0  to  4.25  (exclusive  of  hind  legs:  with  hind  legs 
extended  may  attain  5.5  mm.)  ;  greatest  breadth  2.37  mm.  Body  elongate 
oval;  unmounted  specimens  0.91  to  0.99  mm.  broad  at  scapula;,  specimens 
mounted  under  pressure  may  measure  up  to  (?)  at  this  point;  the  sides  diverge 
from  here  to  a  maximum  breadth  about  at  coxae  IV  to  stigmal  plate.  Dorsum : 
Scutum  covers  0.40  to  0.46  of  length  of  body  (exclusive  of  head)  ;  1.31  to  1.56 
mm.  long  in  median  line;  1.5  to  1.7  mm.  broad  at  lateral  angles;  quite  promi- 
nent because  of  its  whitish  rust ;  scapulae  project  about  0.22  to  0.28  mm.  from 
,  border  of  excavation,  which  is  somewhat  convex  cephalad ;  from  shoulders,  the 
sides  of  scutum  diverge  in  distinctly  curved  convex  lines  to  lateral  angles,  then 
converge  rapidly  in  nearly  straight  lines  to  the  rounded  postero-lateral  angles, 
when  they  converge  more  rapidly,  and  form  a  bluntly  rounded  posterior  angle. 
Cervical  grooves  decidedly  deeper  anteriorly  than  posteriorly,  each  forming 
luediad  the  concave  side  of  an  hourglass,  but  inclining  to  a  curved  rather  than 
a  straight  line;  because  of  the  depth  of  these  grooves  anteriorly  the  antero- 
median field  is  very  prominent  and  rather  raisetl ;  the  distal  diverging  portion 
may  be  paralleled  laterally  by  an  indistinct  dark  line;  rust  not  so  thick  in 
■  antero-median  field  as  elsewhere,  and  absent  from  a  portion  of  the  margin 
caudad  of  lateral  angles.  Eyes  convex,  distinct,  but  not  prominent,  at  lateral 
:  angles;  translucent  in  cleared  specimens.  Uncovered  portion  of  dorsum  shows 
mmierous  finer  punctuations  (circular  pores)  with  minute  hairs  and  fewer 
44132°— Bull.  62—10 3 
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coarser  punctations  (circular  pores)  ;  also  a  distinct  median,  two  snbniedian  i 
grooves,  and  distinct  niarfrinal  j^ruove  limiting  the  11  postero-niarginal  fostnons.  i 
FoveoliP  TlV  in  diameter,  a  short  distance  candad  of  scutnni.  Venter:  I'nncta-  : 
tions  and  tine  hairs  iiresent :  genital  grooves  diverge  gradnally  hut  regnlariy  to  I 
a  point  about  half  way  between  cox:e  IV  and  anus,  then  more  markinlly  to  i 
margins;  median  postanal  groove  distinct.  Sligmal  plate  0.3(i  to  (t.;jS4  mm.  | 
long  (measured  through  aperture;  one  si)ecimen)  ;  breadth  (including  prolonga-  | 
tion)  aliout  the  same;  goblets  may  attain  about  70  in  number,  and  !.">  to  :V.)n  in  ! 
diameter.  \'nl\a  between  coxje  II.  Caiiitulnm:  O.lJot;  to  O.Tli  mm.  long:  l»ase  ! 
O.G7()  to  (Mi.")<!  nun.  broad,  and  O.li.'i  to  0.27  nun.  from  posterior  margin  to  ante-  ■ 
rior  margin  of  portion  over  palpi;  postero-lateral  prolongations  lliV  long  tone  | 
.specimen),  bluntly  pointed;  porose  areas  do  not  meet  in  median  line.  Man-  \ 
dibles  V;  external  article  apparently  as  in  male;  dorsal  iiroeess  of  internal  I 
article  apparently  as  in  1).  amhiHuni.  Smaller  anterior  denticles  of  hyi>ostoi»e  j 
confined  to  smaller  area  than  in  male;  eight  to  ten  large  denticles  in  each  row;  , 
proximal  denticles  not  so  small  as  in  male.  Palpi  O.MS  to  0.5G0  mm.  long;  ] 
20.S  to  li71i  mm.  broad;  article  '1  with  six.  article  o  with  two  to  three  bristles  on  j 
ventro-median  edge.  Legs:  ('..x:e  1  k.  I\'  diverge  slightly  from  median  line;  I 
knobs  and  spurs  on  tibia  III,  and  on  femur,  tibia,  and  protarsus  IV  not  SO; 
wi'Il  developed  as  in  male;  tarsi  I  with  very  small  terminal  spur  which  may  be  i 
almost  nil;  tarsi  II  to  IV  with  terminal  spur,  also  with  small  ventral  knobs,  j 
l{(l)Utr  fvmnJr. — One  siiecimen,  partially  replete.  Length.  (!..">  mm.:  maximum  ' 
breadth.  I  mm.:  legs  I  lateral  <>f  scutum.  Venter:  \ui\n  has  shifted  slightly  | 
forward  of  cox;e  II.  Legs:  Coxa-  farther  apart  than  in  young  female,  due  to  i 
repletion.  i 

Tyi'k.— Marx  110,  V.  S.  Nat.  Mns.  j 

Hosts. — Deer,  cattle,  dogs,  and  man:  California.  • 

Ctirticc  (lN'.>-!ir.  -JiM),  234)  gives,  in  re<i:;»i'(l  to  this  tick,  the  followinor  i 
statoiiK'Hls: 

1'.  I'liti:  ■■  Dcrniarnilor  orridoUalifi  Marx  in  MSS.,  the  cattle  tick  of  Califoi-nia.  j 
This  c:itilc  tick  is  like  IK  niiKiicanuK  \=vl('ctun\,  but  is  somewhat  smaller:  the. 
head  shield  of  the  female  is  dividedly  whiter,  the  shield  of  the  maU'  being  nearly  , 
white  with  small  syunnetrically  situated  dark  spots  toward  either  side."  ^ 

1*.  "J.'M  :  ••  I>(  rtiKicciitor  occiilrntulis  Marx.  MS.  This  ('.ilifornia  species,  the. 
one  ordinarily  found  on  deer,  cattle,  and  dogs,  was  (juite  annoying  to  me  during^ 
the  past  .season.  They  get  on  one  while  passing  through  the  chaiiaral  and  | 
arriving  at  the  b.ase  of  the  hair  insidiously  insert  their  beak  into  the  skin."  , 

Later,  ("iiitice  (  IM'iii.  li^T)  iiktcIn-  iiiciiiioiis  '"  /K  occidcntalis  Marx,!' 
the  western  deer  tick.""  as  liavino;  been  taken  on  eattk'.  i 

M()r«ran  (ISDH,  \M)  refers  to  "the  deer  lick  (|)erhai)s  !>(  riii(iiintor\ 
o«vV/r///^///.v)"  as  heinir  recojrnized  as  distinct  l>v  hunters  in  Loiiisiana.| 
A  leejitiniate  (h>iiht  may  aiiM"  as  to  whether  the  ('ah  i'oiiiian  >])ecies.i 
ocetirs  in  Louisiana.  ' 

Neiiinaini  (iS'.lTa.  ;{C>rt).  on  basis  of  ai\  exaininalittn  of  mah-s  and 
females,  collected  "stir  le  Daini'"  in  California,  and  lal)eled  by  Murx 
a.s  I),  ocridcntalis,  considered  this  Conn  identical  with  l>.  nthnhitm'^ 
of  Europe.  Later,  Nemnann  (  IDO.'xl.  i>3r)-i'n())  reexamined  lhe.se: 
specimens  and  reco<rni/,ed  them  a>  a  siii)species.  1>.  rctinihitnx  occir 
dcntalis.     'riiroiifrh  error  he  idenlilied  with  (his  form  the  American i 
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D.  reticulatus  of  Salmon  tind  Stiles.     He  gives  the  following  char- 
acters for  Marx's  specimens : 

P.ase  of  rostrum  a  little  broader,  with  posterior  angles  very  much  prolonged 
backward.  Hypostome  with  six  rows  of  denticles.  A^arious  prominences  of  the 
palpi  slightly  pronounced.  Granulations  (here=goblets)  of  the  peritremes 
(=stignial  plates)  much  more  apparent.     Coxte  II-IV  with  longer  spine. 

MaJe. — Cox.e  IV  sometimes  prolonged  caudad  to  the  anus. 

Female. — Dorsal  shield  relatively  longer.     Porose  areas  smaller. 

California  and  Tennessee.  On  Curkivus  cdiiadciifils  (P.riss. ),  Bo.s  taurus  L., 
and  Equiis  cahaUus  L. 

Banks  (li)OT,  008)  lists  D.  occidentalis  as  a  distinct  species,  but 
gives  no  anatomical  details.  Later,  however  (1908,  -AT—IS),  he  gives 
the  following  specific  description: 

Mdle. — Red-brown,  with  many  waxy-white  markings,  often  with  a  waxy 
bloom,  sometimes  almost  wholly  white,  but  there  is  a  red-brown  near  the  eyes, 
oil  the  festoons,  and  several  submediau  spots;  moreover,  the  white  is  broken 
by  the  many  red-brown  punctures;  legs  pale  reddish  brown,  marked  with  white 
above.  Capitulum  rather  narrow,  and  the  hind  angles  prolonged  into  very 
iirominent  spines;  palpi  very  short,  not  as  long  as  the  width  of  the  capitulum; 
dorsum  not  much  more  than  one  and  one-half  times  as  long  as  broad,  with  many 
punctures,  but  mostly  small ;  lateral  furrows  distinct  and  long,  twelve  indented 
lines  behind.  Legs  of  moderate  size,  tarsus  IV  with  two  very  distinct  teeth 
below  and  one  less  prominent,  teeth  on  other  joints  distinct ;  coxte  armed  as 
usual;  coxa^  IV  about  one  and  one-half  as  wide  at  base  as  long.  Stigmal  plate 
elongate,  with  a  broad,  turned-up  tip,  almost  truncate;  large  granulations  on 
the  main  part,  small  ones  on  the  tip. 

Length  of  male,  3  to  8.5  mm. 

Female. — Shield  red-brown,  mostly  covered  with  white,  red-brown  near  eyes 
and  in  the  middle  region,  and  the  white  broken  up  by  the  many  brown  dots  at 
punctures;  capitulum  and  legs  red-brown,  latter  white  at  tips  of  joints,  and 
generally  paler  above  than  below;  abdomen  dark  red-brown.  Capitulum  rather 
small,  and  hind  angles  prominent,  and  the  porose  areas  very  small  and  rather 
close  together.  Shield  about  as  broad  as  long,  broadest  before  middle,  and 
rather  pointed  behind,  with  many  small  punctures  and  some  larger,  but  not 
nearly  as  many  large  ones  as  in  D.  parumapertus.  Legs  rather  small,  coxse 
armed  as  usual.  Stigmal  plate  with  a  broad  dorsal  prolongation,  with  large 
granulations  in  the  main  part,  and  minute  ones  on  the  prolongation. 

Length  of  female  shield,  1.5  mm. 

\e;irly  all  specimens  come  from  California — Occidental,  San  Diego,  Goose 
Lake,  Siskiyou  County,  Santa  Clara  County,  Humboldt  County;  some  taken 
from  deer. 

Closely  related  to  D.  vciiustus,  but  with  a  more  narrow  capitulum,  and  with 
a  broader  prolongation  to  stigmal  iilate,  in  the  male  by  shorter  hind  coxse  and 
in  the  female  by  smaller  porose  areas.  Taken  together,  I  think  these  characters 
indicate  its  distinctness  from  D.  reiiiistus. 

In  Marx's  material  I  find  one  bottle  (Marx  11!))  of  specimens 
labeled  D.  occidentalism  from  Occidental,  California ;  this  I  assmne  is 
the  material  nj^on  which  he  based  the  name,  hence  this  woidd  l)c  the 
type  material. 
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A  microscopic  examination  of  the  stigmal  plate  shows  that  this 
tick  is  different  not  only  from  D.  retkulatu.s  of  Europe  but  also  from  i 
the  American  D.  vet'tculatKS  of  Salmon  and  Stiles  {—D.  snhnoni). 

Fig.  7  shows  the  male  plate,  w-ith  a  pronounced  dorso-lateral  pro-  i 
longation.  The  len<rth  of  the  plate,  through  the  aperture,  is  884  /x;  ' 
the  breadth,  inchiding  the  prolongatitm.  MQ  fx.  The  goblets  are  G7  j 
in  number,  of  medium  size,  attaining  about  32  /n  in  diameter,  rather  j 
closely  packed  together  so  that  they  have  a  tendency  to  lose  their  i 
circidar  form  for  an  angular  outline.  The  aperture  of  the  plate  is  1 
relatively  small  when  compared  with  /).  andersoni  ] 

The   f()lh)wing  material,  which  has  been  taken  as  basis  for  the 
specific  diagnosis  given  in  the  foregoing,  has  been  examined: 

Marx   115.  Host   V;  Kern  County.  Cal..  detenuined  by  Marx  as  D.  occklcntalis; 
(Icti'rniincd  l)y  Xonnianu  as  I),  nliculatiis  occidcutalis.  , 

Marx  lie.  Host   deer:  ditto;  ditto.  I 

Marx   117.   Host   V;  Santa   Kosu,  t'al. ;  ditto;  ditto.  " 

Marx   lis.  Host   V;  California;  ditto;  ditto.  \ 

Marx  11!>.  Host   V;  (k-cidcntal,  Cal.;  ditto:  ditto.  ! 

]'..  A.  I.  I'l."!.  Host  California  door;  collected  by  ( 'oojior  Cnrticc;  dctcrniiiuHl  by  ' 
Marx  as  />.  occUhntnlis.  ' 

P..  A.  I.  .•;i2(»'.>.  Host  Hon  tiniriis:  (irand  Island.  .Ncbr. ;  cojlcitcd  liy  Hake  \  Co.;  '" 
dftcrnunod  by  Stilos  in  I'.tol  as  I),  vicctiis.  A  male  I).  (Kcidciihilis  nionnted  | 
on  slide  with  a  feniali'  nf  aiiotber  species.  | 

B.  A.  I.  '.'>'A2.  Host  /io.v  tiiitiKs:  San  Lnis  Obispo.  Cal.;  collected  by  C.  F.  i 
Fonlkner.  Jnne  L',  i;»n:5;  deterniiiietl  by  Itansoni  as  I).  r(li(ttl(iliis :  redeter-  j 
mined  iiy  Stiles  as  />.  (ircidrntdlis.  ' 

B.  A.  I.  .'{.V.io.  Host  Hos  t<iiinis;  San  Luis  Obispo.  Cab;  eolle«-ted  by  .7.  S.  Jack-  ! 
son.  February.  r.l(>4  :  det«M'mined  by  Kansoni  as  T).  rcticiibifiis ;  reth'termined  I 
liy  Stiles.  1!K)!).  as  />.  occidrnfdlix.  \ 

U.  S.  1'.  H.  &  M.  H.  S.  Uim.  Host  ;nid  locality  nnUnown.  S|iecinn'n  came  from  ' 
the  U.  S.  N.  M.  and  bore  tlie  number  i:!4S.  To  jndw  from  tho  trochanter^  i 
this  is  I),  ocvidi  utdlix.  but  the  cai>ituluni  and  shape  of  the  stiirnial  plate  i 
Kive  rise  to  some  doubt  on  this  point. 

For  some  inoiilhs  I  considered  thi>  fofm  identical  with  />.  mulrr-  \ 
honi,  and  it  is  (hie  to  this  fact  that  1>.  ()<<t<h  ut<iHs  has  been  (HKitcd  in  i 
medical  literature  as  the  species  involved  in  transmitting  Kocky  I 
iMoiiiitain  >pottcd  fcNcr.  .\s  is  shown  in  the  prc-cnt  paper,  however,  ' 
the  two  fornix  are  sj)ecilically  distinct.  i 

DERMACENTOR  ANDERSONI  Stiles.    (1905)    1908.  |' ; 

(Fijis.  ;>-i:{.  44-4S.  .-»."..  .-.(•..  74.  SS.  S'.».  107.  lus.  1J(;.  T_'7.  ' 

ino.':  Drrmrirrntor  nndrrxmu  Stilos.  lOO.-s:,  22.  24  (Bitter  Koot  V.iUey.  Mon- ii 
tana  )  ;  l!M»Sm.  '.Mil.  I 

1;mi.-.:  nrniiamitnr  iircidcnliili'<  of  all  writings  on  "  Kocky  Mountain  Spotted  i] 
Fever"  as  .\sliburn.  ("r.iij:.  and  Hicketls.  ' 

]!»0S:   l)i-nuiiii)iti>r  rcinisliis  Marx   |  in  part  only],  of  I'.anks.  lltns.   ir,   17.  j 

Sn:«inc  imacnosis. — 1><  rtinici  iitnr  (p.  IS)  :  3.  younu  au<l  replete  9  :  Caudal  i 
Diarpin   nearly  or  quite  st-nncircular.     Color  grayish   to   retl   to  deep  reddiah 
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brown,  or  even  nearly  black  (  9  ) ,  except  scutum ;  capitulum  and  legs  lighter. 
Dorsum :  Eyes  not  very  prominent.  Scutum  well  provided  with  whitish  to 
greenish  white  rust,  which  varies  considerably  in  different  specimens ;  puncta- 
tions  large  and  small.  Venter :  Genital  pore  surrounded  by  numerous  hairs. 
Anal  ring  nearly  or  quite  circular,  0.27  to  0.3.5  mm.  in  diameter.  Stigmal 
plates  with  prominent  dorso-lateral  prolongation,  which  shows  a  tendency  to 
form  at  the  caudal  margin  of  the  plate  a  right  angle  in  the  male  and-  an  acute 
angle  in  the  female;  aperture  (pore,  macula)  and  chamber  large,  elongate; 
goblets  of  medium  size,  usually  from  17.5  to  32 /^  in  diameter,  but  may  vary 
between  5  and  40 /x  in  diameter,  are  closely  set  and  occupy  nearly  entire  surface 
of  plate  except  margin  and  terminal  portion  of  elongation ;  meshes  of  middle 
layer  about  9  fj,  in  diameter;  stem  of  goblets  about  4..5/i  in  diameter.  Capitu- 
lum :  Postero-lateral  projections  of  base  short.  External  article  with  a  proxi- 
mal, very  large  recurved  tooth,  a  subapical  smaller  tooth,  and  a  very  small 
apical  tooth.  Hypostome,  each  half  with  a  number  of  small  subterminal  den- 
ticles, followed  by  three  rows  of  strong  denticles,  followed  iiroximally  by  smaller 
denticles.  Palpi,  lateral  margin  convex,  article  1  provided  with  four  to  five 
strong  bristles  on  ventro-median  margin;  article  3  rather  triangular  dorsally, 
bluntly  I'ounded  distally,  with  several  bristles  on  the  concave  margin  of  dorso- 
terminal  portion  and  one  or  two  terminal  bristles;  dorso-retrograde  prolongation 
of  article  2  (so  prominent  in  D.  rrtifulatus)  nil,  but  one  may  be  indicated  on 
the  postero-niedian  angle.  Legs:  Lateral  (outer)  spur  of  coxre  I  longer  than 
the  median  (inner)  spur;  trochanter  I  provided  with  retrograde  curved  blade; 
terminal  recurved  spur  not  very  well  developed  on  tarsi  I. 

MaJr. — Length,  4  mm.  (exclusive  of  hind  legs;  with  legs  outstretched,  about 
r\  nun.)  ;  greatest  breadth,  2..'')  mm.  Body  oval,  sides  may  be  somewhat 
straighter  than  those  of  D.  saluioni.  more  like  those  of  D.  raricgatiift:  un- 
mounted specimens  O.SS  mm.  l)road  at  scapul.'e  (shoulders),  specimens  mounted 
imder  pressure  measure  up  to  1.12  mm.  at  this  point;  the  sides  diverge  from 
here  till  they  reach  their  maximum  divergence  at  cox:e  IV,  where  the  breadth 
may  vary  from  2.2.'')  to  2..5  mm.  in  unmounted  specimens  to  2.0  or  even  3.25  mm. 
in  specimens  moimted  under  pressure.  Dorsum  :  Scutum  covers  entli-e  dorsum 
(except  cai)itulum)  ;  scapubT?  project  0.27  to  0.30  mm.  from  l)order  of  excavation; 
cervical  and  marginal  gi-ooves  distinct,  cervical  groove  deeper  anteriorly  than 
posteriorly ;  scutum  deep  reddish  brown,  nearly  covered  with  rust ;  pseudo- 
scutum  rather  proniuient,  extending  about  0.37  of  length  of  scutum  in  median 
line;  the  most  prominent  red  spots  (namely,  not  covered  with  rust)  back  of 
pseudoscutum  are:  (n)  Four  elongate  spots  arranged  in  a  semicircle  and  run- 
ning radially,  or  nearly  so,  from  caudal  margin  of  the  pseudoscutum:  (/>)  two 
elongate  to  reniforni  spots  back  of  these,  one  on  each  side  of  scutum;  (c)  an 
elongated  median  spot  and  two  shorter,  elongate,  submedian  spots  corresponding 
to  the  same  spots  in  D.  varicgatus ;  (<1)  but  the  forked  spot  usually  so  invmiinent 
in  I).  sdliHoiil  and  D.  rariegntus  is  usually  either  exceedingly  indistinct  or  ab- 
sent; only  a  itortion  of  the  lateral  margin  of  the  scutum  is  white,  and  usually 
tlii'ce  or  four  small  dark  spots  may  be  seen  on  each  side:  the  rust  on  tli<'  eleven 
distinct  postero-marginal  festoons  is  quite  variable,  in  some  specimens  rather 
profuse,  in  others  very  slight;  numerous  i)unctati(ms  of  S  to  .32  ix  in  diameter, 
and  a  uTuiiber  of  (U  ii  or  more  in  diameter,  of  less  regular  outline;  very  short, 
niicroscoiiic,  whitish  hairs  issue  from  the  center  of  at  least  some  of  the  larger 
punctiitioiis.  Foveoliie  a  short  distance  caudad  of  pseudoscutum,  near  antero- 
median corner  of  coxiB  IV,  and  measuring  about  SO  n  in  diamelei*.  Venter: 
Surface  sjiaisely  beset  with  hairs,  which,  with  the  circular  pores  through  which 
they  i)ass,  are  noticeably  more  numerous  around  tlie  genital  pore.  Genital  pore 
between  coxiC  II.     Stigmal  plates  0.41G  to  ii.c.ht  miu.   long   (through  the  aper- 
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liirp)  :  breadth  of  plate  (inchulins  prolongation).  0.4.S0  to  0.0."G  mm.;  goblets,  j 
may  attain  157  in  nimiber  and  5  to  40  ii  in  diameter,  Capitulum :  0.70  to  0.801  j 
mm.  long:  base  0.r»2s  to  (».7l*  mm.  in  In-eadth.  and  0.2SSi  to  o.;!."i2  nun.  from  poste-f  \ 
rior  margin  to  anterior  margin  of  portion  over  palpi;  postero-lateral  prolonga- 
tions short,  about  48  to  CA  m  in  length,  rather  blunt.  Mandibles  (fhelit-ene)  | 
(t.'.iJS  to  1.U72  mm.  hmg;  digit  90  to  104  ti  long;  dorsal  process  of  internal  article  ] 
elongate  transversely  and  forming  two  transverse  ridge-like  edges  directed  j 
toward  the  body,  to  some  extent  resembling  th«'  visors  of  two  cai)S.  Ilypostome  j 
with  seven  to  nine  large  denticles  in  each  row.  Palpi  4S(>  to  040  ^  long,  each  i 
palpu.s  272  to  .320  m  in  maximum  breadth;  article  2  with  six  to  seven  bristles  on  ; 
\entro-median  edge;  article  3  with  two  to  three  bristles  on  ventro-median  edge,  j 
Legs:  ('oxa»  I  to  IV  with  curved  mesial  margin;  cox:r  IV  jiresent  two  types  i 
which  grade  into  each  other,  and  the  two  may  even  be  t'oiind  in  nuc  spcciincn  ;  | 
Ihey  may  be  relatively  short  or  exceedingly  long:  ventral  margins  of  legs  lu'ar  ! 
spurs,  espiH-iaily  femur  and  tibia  IV;  tarsi  I!  |o  I\'  with  large  snbterniinal  ! 
re<-urved  simr.  i 

I'ciiKilc. — Dorsum:    Scnlnni    l..">ri    to    1.02    nun.    long    in    median    line:    1.1    to  i 
1.0  mm.  broad  at  lateral  angle.s;  very  prominent  because  of  its  whitish  color;  j 
seapnla-  project  ().2")(»  to  0.."jr)2  mm.  from  l»order  of  excavaticai:  from  shouitlers.  ^ 
the  sides  of  scntnm  diverge  in  a  rather  irregular  line  to  the  lateral  angles,  then  • 
ccmverge  in  nearly  straight  lines  to  the  postero-l.-iteral  angles,  when  they  suddenly 
change  direction,  converging  nnicli  more  rapidly,  and  f(nniing  a  bluntly  roun<led  | 
posterior    .-ingle.     Cervical    grooves    rather    well    developed,    each    forming    an  | 
obtuse  iingle.   at   its  c(inat()r,   low.-ird   the   mcili.in    line,   thus  forming  an   hour- 
glass like  outline.  dee|»er  anteriorly  than  posteriorly;  the  distal,  diverging  por- 
tion of  the  hourglass  is  jiar.-illed  each   side  Ity  a   more  or   less  well  develi>p«'d  j 
dark  line:  eyes  .-it    lateral  angles;   Jai-ge  pnnctalions  soniewbat   more  pmniinent  j 
iintero-laterally  :  rust  not  so  thiik  in  anlero-niedian  field.     I'ncovei-ed  p<irtion  of  : 
margins  .-is  elsewliere.  and   absent    Irom    lateral   angles.      I'nrovered    iiculiou   of  ', 
dorsum    shows   coarser   .•ind    liner,   also    irregularly   sli.iped    pnnctalions.   a    dis-  • 
tin<-(  medi.in  and  two  submedi.-in  grooves,  and  distinct  margin;il  groove  limiting  j 
llie  eleven  postero-niaigin;il  festoons.      Foveola'  u.u'.m;  to  0.112  nun.   in  diameter,  j 
a  short  distance  caudad  of  scutum.     Venter:  rtn\clations  and  tint'  hairs  pn'sent ;  | 
genital  grooves  inn  snbp.ii-allel  candad.  divei'ging  slightly  to  ;i  point  .about  h:ilf-  ; 
w;iy  between  cox.i'  W  .and  .inns.  wlnMice  they  diverge  markedly  tow.ard  l.Mt«'ral  ! 
m.argin;    meilian    posl-;in:il    gi-oove   distinci    in    niunounlnl   specimens.     Sligmal 
plate  u.."   to  (».."2s  nnii.    Ioult    ilhroii^'li   apertni-e):   breadlli    (  incliidinL,'  prolonga- 
tion)   alionl    llie  same;    unblels  may   altain    12n   in   nnmlier  and    12  to  :'.2.   occa-  , 
sionally    !<•  ^   in   di;imeter.     ("apitnlnni:  (t.r,72  to  o.MS  nun.    long:   base  <•.(;(»  to  j 
(».7."*.0  nun.  broad.  (>.  24  to  (I.2sn  nun.  long  from  posterior  margin  to  anterior  mar- 
gin of  iiorlion  over  the  i>ali»i;   iioslero-l.iteral   prolong.ation   10  to  ,■{2  n.  bluntly  ' 
rounded;  jtoiose  are.is  nearly  meet  in  medi.in  line.     .M.indililes  o.!K»  to  1.1  is  mm.  / 
long:  digit  00  to  12S  fi  long;  dorsal  process  of  internal  article  elongated  some- 
wli.al    transversely,  with   two  pointed   leeth.     Sm.aller  .•interior  deiitiiles  of  hy- 
posloine   conlined    lo   smaller  .area    tli.aii    in    male;    seven    lo   nine   or   ten    large 
denticles    in    each    row.      Paljii    (i..*itl    lo   (m;T2    miii.    Iohl:   liy    i>.2.".0   t.i   ii.:;2    nun,  i 
iiro.ad  ;  article  2  witli  (our  lo  six  strong  bristles  and  .irtide  :;  willi  one  to  lliree  j 
bristles  on  ventro-median  edge.     Legs:  Coxa'  di\i'rge  II   to  I\';  later.il   louter) 
spur  of  cox;i'  I   may  allain  .■'.20  m  in   length;  ventnil  margins  of  legs,  t'sju'ciiilly  | 
femur  and    tibia    I\'.   be.ar   sjiurs  or   knobs   or  bolli;   tarsi    II    to    IV   willi   two  < 
veiilr.al  cbilinous  knobs,  siiowiiig  some  v.ari.ition  in  dilTereiit  individuals.  I 

)'<iiiii;i  friiKilc. — -'riiis  seems  to  lie  llie  roiin  most  connnonly  found.  Length 
4.."i  lo  ."»  nun.  (exclusive  of  liiiul  legs:  willi  bind  leu's  extended  ni.iy  all.ain  0..">  to 
7  mm.);  greatest  breadlli  2..'!  to  2.0  mm.     I'.odv  oval,  rather  similar  to  male, 
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but  not  quite  so  flat ;  unmounted  specimens  0.712  to  1.0  mm.  broad  at  scapulie, 
specimens  mounted  under  pressure  may  attain  0.875  to  1.062  mm.  at  this  point; 
the  sides  diverge  from  here  to  a  maximum  breadth  (2.312  to  2.f)  mm.  in  un- 
mounted and  2.31  to  3.1S  mm.  in  specimens  mounted  under  pressure)  about  at 
stigmal  plate.  Dorsum:  Scutum  covers  about  0.43  of  length  of  body  (exclusive 
of  "head);  eyes  not  very  distinct  in  unmounted  specimens,  more  distinct  as 
translucent  spot  with  radial  structure  in  mounted,  cleared  specimens.  Venter: 
Vulva  betvi^een  coxfe  II. 

Replete  female.— May  attain  1(5  mm.  long  by  9.."5  mm.  broad  l»y  6  mm.  thick. 
Form  varies  with  degree  of  repletion;  legs  I  are  lateral  of  scutum  so  that 
anterior  margin  may  reach  2.37  mm.  in  breadth;  from  here  body  increases 
rapidly  in  breadth,  reaching  a  maximum  in  regicm  of  coxae  III  to  IV ;  a  slight 
constriction  is  common  near  stigmal  plates,  from  which  point  the  breadth 
rapidly  decreases.  Dorsum:  Eyes  somewhat  more  distinct  than  in  young 
female,  owing  to  their  more  prominent  position  due  to  change  in  form  of  body. 
Venter:  Vulva  may  shift  to  intercoxal  space  of  legs  I  to  II ;  a  radial  sub- 
median  groove  may  appear  each  side  between  anal  and  genital  groove;  other- 
wise similar  to  young  female  except  for  proportions  due  to  greater  reiiletion. 
Legs :  Cox*  much  farther  apart  than  in  young  female,  due  to  repletion. 

Hexapod  larva— On  several  occasions  replete  female  specimens  were  allowed 
to  oviposit,  and  the  eggs  were  allowed  to  hatch.     Length  of  larva  may  attain 
0.()5(;  nmi.;   greatest  breadth  0.316   mm.;    the  caudal    portion  of  the   body   is 
broader  than  the  anterior.     Scutum  0.224  mm.  long,  scarcely  emarginate  ante- 
ri(.rly;   a   small   light,   but   slightly   indistinct,   spot    (apparently   the   eye)    is 
visible   at   the   lateral  angle,   and   back   of  this   the   scutum    rounds   off   very 
abruptly ;  accordingly,  the  scutum  is  entirely  different  from  that  of  the  adults. 
Cuticle' of  the  body,  except  where  covered  by  heavier  chitinous  structures,  is 
provided  with  wrinkles,  like  striations,  of  slightly  irregular  course,  but  for  the 
greater  part  running  transversely.     Posterior  margin  with  nine  distinct,  and 
two    less    distinct    festoons,    each    of    which,    except    the    median.    I.ears    l)()th 
dorsally  and  ventrally,  a  small  hair  directed  postero-mediad.     Hairs  are  present 
also  on  other  portions  of  the  body  and  are  arranged  more  or  less  symmetrically. 
Capitulum   is   decidedly  Rhiincephal ii s-Uke   in    appearance,   176   /j.  broad,   and 
its  base  is  drawn  out  each  side  into  a  sliarp  lateral  angle;  postero-lateral  pro- 
longations  (compare  adults)   are  lacking,  the  proximal  margin  being  straight 
and  even.     Mandibles  176  to  200  m  long-;  digit  22/.;  external  article  with  two 
distinct  teeth,  the  anterior  smaller,  and  the  posterior  larger;  dorsal  process  of 
internal    article   difficult    to    analyze,    apparently    elongated   transversely,    and 
possessing  two   (or  threeV?)   teeth.     Hypostome  spatulate,  each  half  with  two 
longitudinal  rows  of  distinct  denticles,  tive  to  six  in  each  row;  proximally  of 
these,  there  are  several  indistinct  denticles.     Talpi  may  or  may  not  extend  be- 
yond hvpostome;  when  straightened  under  pressure,  however,  they  are  slightly 
longer  than  hypostojne;  maximum  breadth  44  fi;  article  one  very  small,  scarcely 
visible;  article  two  measures  about  44  to  60  ^  long.  a"*l  l>ears  several  stout  ser- 
rate bristles;  one  l)ristle  is  situated  near  distal  end  on  ventro-medlan  edge;  one 
near  proximal  end  on  lateral  border;   one  on  dorso-median  border  near  the 
middU>  of  the  article;  and  one  dorsally  near  proximal  end;  article  three  meas- 
ures 44  to  52  M  long,  and  bears  .several  bristles,  the  most  prominent  of  which 
are:  one  proximal,  ventrally;  one  lateral,  and  two  near  the  distal  end:  article 
four  extends  directly  ventrad  in  a  subti>rminal  depression  of  article  three,  and 
bears  about  seven  or  more  longer  an<l  shorter  terminal  bristl(>s.     Coxa>  Increase 
in  size  and  are  slightly  divergent  frmn  I  to  III;  coxie  I  have  a  strong  ventral 
spur  directed  caudad.  and  thre(>  pn.n.incut  InMstles.  one  of  which  is  anterior  and 
terminal,  ouu  ou  the  median  border,  and  one  ventral  near  lateral  border;  the 
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ventral  spur  of  coxte  II  to  III  is  smaller  than  that  of  coxre  I;  anterior  and*  i 

IKisterior  lateral  bristles  on  cox!¥  II  and  III  corresponcling  to  those  of  eox:e  I,  '. 

hnt  the  median  bristle  appears  to  be  wanting;  ventrall.v.  on  the  body,  there  is  i 

a  pair  of  l)ristles  l)etween  the  postero-median  corners  of  coxne  I.  II.  and  III.  i 

Four  i)airs  of  small  stigmata  are  present,  one  stignial  opening  being  situated  1 

latero-caudad  of  each  of  coxa?  I,  one  caudad  of  each  of  coxre  II  and  III.  and  ! 

one  pair  on  transverse  anal  zone.     The  articles  of  the  legs  are  well  provided  | 

with  bristles,  rather  symmetrically  arranged,  but  no  spurs  are  present.     Pul-  j 

villnm  extends  to  about  the  middle  of  the  claws.     Anal  ring  44  fi  iu  diameter,  ] 

and  enclosing  two  lateral  labia,  each  with  a  post-equatorial  bristle.  | 

Type.—V.  S.  P.  II.  &  M.  II.  S.  9407.  j 

Hosts. — Man   {Homo  miiiicns) .  catlle   ( /fo.s-  taitnis).  horses  (/?(/mh.9  rnhnJhiK)  \ 

dogs  (Canis  familiunx),  rabbit  (Lci)iis  sp.).  and  apparently  the  ground  squirrel  I 
or  gopher   (('ililliis  columhutiiUH),  and  mu  undetermined  si)ecies  of  squirrel. 

(!i:o(ii{.\iMii(  Ai.    DisTKiurTioN. — Moutiiua.    \Vasliiugtt)n    State.    Colorado,    und  j 

(?)    IdalK..  1 

This  .species  has  passed  tlironp:li  a  A-nriod  nnd  confiisino:  liistory.  i 
Its  variation  is  such  that  I  have  chan<i;ed  my  opinion  upon  it  at  least  i 
a  dozen  times;  in  V.W)  I  determined  it  is  as  a  new  species.  D.  ander-  \ 
soni,  but  hiter  in  corresjjondence  with  various  writers  I  suppressed  the  ' 
species  in  favoi-  of  I>.  ocnderitdl'/s.  tlius  adopting;  a  determination  , 
made  I)v  Curtice  sonu'  years  ',\^o.  Maix  confused  the  s])ecie>  with 
I>.  americarms  {^electus).  Very  recently  Uanks  (  1*.»0S.  17)  has  iden-  I 
tified  it  with  />.  reni/sfvs  of  Texas.  j 

I  have  now  been  able  to  examine  a  larire  sei-ies  of  si)e('imens  and  am  j 
persuiided  that  the  recognition  of  a  new  species  was  justified.  .Vfter  ' 
findiiiir  <('rl:iin  chai-acters.  i)  now  sei-ms  stran<;e  how  it  was  j)ossible  j 
to  confii-c  it  with  other  foinis.  yet  in  this  confusion  IK  tUKlcrson'i  has  | 
simply  i-epeatetj  the  hi-tory  of  many  other  species. 

P.  (iiKlcrsoiii  as  descrilx'd  hei'c  is  the  common  tick  of  the   Hitter 
Root  \'allev.  Montana,  and  i>  the  I'oiin  which  has  been  collected  by 
authors  who  ha\'e  woi'ked  on  Rocky  Mountain  .*-^|)ottcd  l-'cver  in  that    i 
re<rion.      In  all  literature  on  that  diseasi'.  this  is  appai'entiy  the  tick" 
refeiicd  to  under  the  name  I  ><  nntircittor  <K<'uh'ui(il'is.  I 

In  comiectioii  with  the  roi-eo-oini!:  discussion  I  have  comi)ared  the 
foliowin^f  specimens  in  the  collection  of  the  T'.  S.  1*.  II.  X  M.  II.  S. : 

!»lfir..  Ibisl    /.c/<».v  sp..  Ml  rnl.o'is.  Mmiii.  :  cnHcctcd  by  I>r.  I'.  .M.  I'nindfxicr  ill  i;>(U.    j 

!M('.(J.  From  Victor.  Mont.:  (•(ille.l.-d  by  Dr.  .1.  .1.  r.u.Ulcy,  May  Js.  I'.MH. 

!>|(!7.  Host   EnuHx  ciifKilliis.  :it    \V Inian.    Meiil.:   ciijlcclt'd   by    Mr.   .Inlm    Mills, 

May.   Hint. 

!(JC,s.  I'nim  Polaris.  .Mont.;  cojjecied  by  Dr.  1\  M.  Poindexfer.  r.HM. 

!H7U.  From  Missoula.  Mont.:  collected  by  Piof.   M.  .1.  lOlrod.  M:iy    ».  I'.Mil,  j 

U471.  Host   Ihniio.-M   .Missoula.  .Mont.:  .May  Id.   I'.KM. 

!)47li.  From  liiver  \iew.  Fork  \alley.  Mont.:  collected  by  F.  S.  Ilr.U.  I 

'I 
in   mediciil   liter.-iture.  but    have  no  apologies  to  make  for  the  confusion,   for  it 
was  made  at  a   tiuii'  wlicii  tin-  two  .species  could  not   be  distinguished  satlsfac-. 
lorily.  11 
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9473.  Host  Homo,  in  Montana  :  collected  by  Doctor  Gates,  April  30,  1904. 

9474.  From  Woodman  and  Lo  Lo,  Mont. ;  collected  by  Mr.  McGrath. 

9475.  Near  Lo  Lo,  Mont.;  collected  by  Mr.  John  Mills. 

9476.  Host  Homo,  at  Missoula ;  collected  by  Dr.  J.  .J.  Buckley,  May  12,  1904. 

9477.  From  River  View,  Fork  Valley,  Mont.:  collected  by  E.  S.  Hall,  May,  1904. 

9478.  Host  Homo,  in  foot  hills  south  of  Hamilton,  Mont.;  May,  1904. 

9479.  Host  Homo,  at  Nimrod,  :Mont. ;  collected  by  Doctor  Spottswood,  May  IG, 

1904. 

9480.  Host  ?,  at  Red  Lodge.  Mont. ;  collected  by  Mrs.  J.  Flaherty,  May,  1904. 

9481.  From  Foy's  Lake,  near  Kalispell,  Mont. ;  May,  1904. 

9482.  Host  Homo,  near  Hamilton,  Mont.;  collected  by  Doctor  ]\IcGrath,  April 

and  May,  1904. 

9483.  From  Grantsdale,  Mont. ;  collected  by  A.  L.  Holt,  May,  1004. 
94S4.  From  Missoula,  Mont. ;  collected  by  Mrs.  C.  W.  Stiles. 

948r..  Host  Homo,  at  Missoula,  Mont.;  collected  by  Doctor  Spottswood,  May  9, 

1904. 
94S6.  Host  Homo,  at  Missoula,  Mont.;     collected  by  Doctor  Spottswood,  April 

22,  1904. 

9487.  Host  Bos  taurus,  near  Hamilton,  Mont.;  collected  by  Doctor  Tuttle,  May 

22,  1904. 

9488.  Host  7/o//(o,  at  Lo  Lo,  Mont. ;  collected  by  Doctor  Gwinn. 

9489.  From  Trail  Creek,  Mont. ;  May  23,  1904. 

9490.  Host  Homo,  at  Missoula,  Mont. ;  collected  by  Doctor  Pixley,  May,  1904. 

9491.  From  Polaris.   Mont.;   collected  by  Miss  Emma   Saltine,  May,  1904. 

9492.  Host  Homo,  at  Missoula,  Mont.;  collected  by  Stiles,  May  10-15,  1904. 
949.3.  Host  Homo,  at  Missoula,  Mont.;  collected  by  Dr.  J.  J.  Buckley,  May,  1904. 
9494.  Ditto. 

f)495.  From  Fort  Logan.  Mont. ;  collected  by  Max  Sarter. 
949G.  Host  Equus  cabaHus,  near  Jefferson.  Mont.;  May.  1904. 
9497.  From  Missoula,  Mont. ;  collected  by  Prof.  M.  J.  Elrod. 

9499.  Host  Bos  tauru-<i  at  Alhambra,  Mont.;  collected  by  Mrs.  H.  F.  Staph.  May, 

1904. 

9500.  Host  Homo,  near  Helena.  Mont.;  collected  by  Dr.  T.  D.  Tuttle.  May  22, 

19f)4. 

9501.  From  Watson,  Mont.;  May,  1904. 

9.502.  Host  Eqiiiix  rahdJliis,  at  Livingston,  Mont.;  collected  by  Doctor  Tuttle. 
May,  1904. 

9503.  From  Lo  Lo,  Mont.;  collected  by  John  Mills. 

9504.  Bitter  Root  Valley,  Mont. ;  collected  by  Doctor  Spottswood. 

9505.  Host  Bos  taitrus,  at  Livingston,  Mont.,  May,  1904. 

9500.  From  (Jrantsdale,  Mont.;  collected  by  A.  L.  Holt,  May,  1904. 

9507.  Host  /vV/H»x  cahaniis.  at  Grants  Greek,  near  Missoula.   Mont.;  collected 

by  Dr.  J.  J.  Buckley.  May  9,  1904. 
9.508.  Host  Equus  raJKillu.s.  at   Nelson  (iulcli,  near  Helena,  Mont.;  collected  by 

Dr.  T.  D.  Tuttle,  May.  1!X)4. 

9509.  Ho.st  Homo,  at  Grantsdale,  Mont. ;  collected  by  A.  L.  Holt. 

9510.  Host  Equus  mhallus,  near  Helena,  Mont.;  collected  by  Dr.  T.  D.  Tuttle. 

9511.  Host  Homo,  at  Helena,  Mont.;  collected  by  Dr.  T.  D.  Tuttle,  May.  1904. 
9.512.  Host   Equus   rahnUus.  near   Florence.   Mont.;   collected  by  Ashburn  and 

Stiles,  May  19,  1904. 
9513.  From  Dillon.  Mont.;  collected  by  Mr.  Riley. 

9517.  From  Fort  Missoula.  Mont.;  collected  by  .\slihuvn  and  Stiles.  May.  1904. 

9518.  Host    lios   iuuru.^.  at   Livingston.   Mont.;   colicctcd   l)y   Dr.  T.   D.   Tuttle, 

May,  1904. 
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O")!.  Hexapofl  larva,  host  Citellus  cohnnbianus.    This  is  apiiareutly  the  hexa- 

pod  larva  of  D.  andersoni. 
9557.  Ditto. 

!I5S!».  From  Montana,  June.  1!)04. 

0742.  From  Montana.     In  collection  of  Army  Metlieal  Museum. 
9755.  Belongs  to  U.   S.   National    Museum,   with  two  labels  "24"  and  "25;" 
locality  and  host   not   given:   belongs  to  diidir.sani  group,   perhaps  to 
D.  (imUrxoni. 
9700.  Collected  at  Elko.  Nev..  by  Mr.  Whickhani ;  belongs  to  aiKhr.soiii  group, 

jiossibly  to  audrrsoui. 
0701.  Collected  by  E.  A.  Hush.  San  Jose.  Cal..  August  2.  1S,S7.     Apparently  I). 

aiidrrsoiii.  but  not  exactly  typical  specimen. 
070S;.   From   I'tali.     Material   poor;  belongs  to  (tiidcrfioni  group;   If  a  D.  nudir- 

soni  it  is  not  very  tyitical. 
97.S2.  From    \'.   S.   National  Museum,   with   label   "  DrniKirciitur  occidciildlis  n. 
sp.    Curtic<'.    Easton.    Wash.    K."      This    is    not   D.    occidciitnlis.    l>ut    is 
closely  related  to.  possibly  ideiit  icil  with.  />.  inidrrxoiii. 
10420.  From  I'tah.  collected  by  Alt'.  A.  Koliinson.  I'.tDS.      rossil)ly  represents  a 
distinct   species;    it  i)elongs   to  the  (Uidirstmi  group,   but  appears  not 
to  be  a  typical  />.  (tiidcrsimi. 
lOOlS.   Host  h'qiiii.s  cdhdllits,  at  Missoula;  collected  by  Doctor  King. 
Marx  1. "5.  llostV:    ClenwoiHl    Springs.   Colo.;    determined   by    Marx   as   Dcrma- 
ccnlur    diiKiicdiiits     (=     clrctiis)  ;    determined    by     .Neumann    as    /). 
cliclK.s.       Shows    exceedingly    slight    dilTeicnces    from    the    Montana 
forms  of  andn-Kitni.  but   I  do  not   t\'t'\  Justilied  on  i)resent  material  in 
di'scribing  it  as  distinct,  .illliough  it    is  not    impossible  that  examina- 
tion of  extensive  material  might  reveal  distinct  difl'erenees 
P..  .\.  I.  .".4(Mi :    Host     Ih.nii).     Wyoming:     determined    by     Stiles    in    1002    .as    /). 

n  lUitldl  IIS. 
rt.  .\.  I.  2)L'I  :    Host    lios    tdiiiiis:    Eagleville.    Cil.:    collected    by    C.    II.    ISIemer. 
isitCi:   determined   by    Slih's   and    Ilassall   as   />.   diiirrii'dinin;  redeter- 
mined by  Stiles,   I'.to'.l.  as  />..'  dinh  rsoni. 

Tlie  stioiiial  plates  of  [\\\<  species,  as  ftumd  in  the  liittef  Koot 
Valley.  .Montana.  |)reseiit  the  folhiwiiio- characters : 

The  male  i)late  (  lio".  H)  is  similar  to  the  female  plate  in  o-eiieral 
slriictnre.  hut  in  the  male  the  prolonoation  is  at  riirht  anirli'^-  to  a 
plain-  drawn  throiiirh  the  aperture,  while  in  the  female  the  |)rolon<ra- 
lion  forms  an  acute  aiiole  with  that  plane:  \'n  o-ohlets  are  present. 

Kiirnre  10  shows  the  female  plate  of  V.  11.  .^  .M.  11.  S.  \K>{):).  taUeil 
at  Lo  Lo.  P)ittei-  Root  \'allev.  not  far  from  the  point  where  the  \ypo 
(I>l<>7)  was  collectetl.  The  plate  ha^  a  pronounced  dor^odaleral  siih- 
(erminal  ])rolon<rnt ion.  The  aperture  is  relatively  lon«r.  Tlu'  plate 
measures  .Ml  /x  lonir.  throiiofh  (he  a])erture,  hy  Tn'S  /t  hroad.  incluiliiiir 
the  proloiiirat  ion.  The  <;()l)lots,  !•_'()  in  numlier.  (M-cupy  nearix  the 
entire  surface  (d"  the  plide.  exee|)(  at  the  maririns  and  near  the  end  (d' 
the  prolouLTiit  ion.  (  )n  a  very  superlicial  focus  these  o;()lt|els  come 
(do>e  loirether.  and  as  a  result  they  have  a  tendency  to  chanoe  their 
more  or  less  circidar  outline  for  an  aiiirular  outline:  upon  hvwerini; 
(he  focus  very  slitrhtly  the  appearance  yiven  in  li<i;iire  1>  is  obtained. 
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The  goblets  are  of  medium  size,  may  attain  32  or  even  30.  fi  in  diame- 
ter; the  stems  in  the  inner  layer  are  seen  more  distinctly  near  the 
periphery  than  near  the  aperture. 

DERMACENTOR  VENTJSTUS  Marx,  1897. 
(Figs.  14,  15,  57,  75,  90,  109.) 

1897  :  Dermacentor  vcnuMus  Marx  in  Neumann,  1897a,  8G5  (from  Texas  and  New 
Mexico,  not  described)   as  syn.  of  D.  rctk-ulatiis   (Fabr.)  ;  1901a,  345 
(as  a  syn.  of  D.  ret iciihit us). —Bankf^,  1908.  40-47  (in  part  only).— Sal- 
mon   and    Stiles,    1901a,    449     (as    syn.    of    D.    >T/(>»^/f».s-).— Stiles, 
1908m,  949. 
Specific  diagnosis.— Dermacentor  (p.  18)  :    $  and  yonn^c  $  :    Caudal  margin 
about  semicircular,  anus  nearer  caudal  than  lateral  margins.     Color    (alcohol 
specimens)  dark  reddish  brown,  except  for  rust  on  scutum;  capitulum  and  legs 
lighter.     Dorsum :  Eyes  not  prominent.     Scutum  with  a  fair  amount  of  whitish 
rust;  punctations  large  and  small.     Venter  :  (ieuital  pore  of  male  surrounded  by 
a  number  of  punctations.     Anal  ring  circular,  prominent,  0.3  mm.  in  diameter. 
Stigmal  plates  with  prominent  dorso-lateral  prolongation,  the  caudal  margin  of 
which  forms  with  the  plane  of  the  aperture,  a  broadly  rounded  obtuse  angle  in 
the  male  and  a  right  (  ?)  angle  in  tlie  female;  aperture  and  chaml>er  prominent; 
goblets  medium  size,  attain  about  JO  to  43  m.  visually  24  to  40  ^  in  diameter,  not 
thickly  set  in  male,  concentrated  around  aperture,  more  separated  on  prolonga- 
tion (  $  ),  attain  75  (  S  )  in  number;  meshes  of  middle  layer  8  to  12  n.     Capitu- 
lum :  Postero-lateral  projections  of  base  04  /x  hmg.     External  article  (  $  )  with 
two  teeth,  one  not  very  large  proximal  and  one  very  small  apical.     Hypostome, 
each  half  with  a  number  of  minute  subterminal  denticles,  followed  by  three 
rows  of  large  denticles,  followed  by  a  number  of  scale-like  denticles.     Palin, 
dorso-median  margins  convex;  article  3  not  distinctly  triangular  dorsally,  ap- 
pears somewhat  cpiadrangular ;  a  few  subterminal  bristles  on  median  concave 
mai-gin  of  dorsal  portion  of  article  3.     Legs:  Lateral   (outer)   spur  of  coxa^  I 

very  slightly  longer  than  the  median  spur;  trochanter  I  ;  spurs  or  knobs 

on  ventral  margin  of  legs  may  be  very  prominent;  tarsi  I  ,  tarsi  II-IV 

;  i)ulvil]nm . 

^1/a/r.— Length  4.9  to  0.0  mm.  long  (exclusive  of  hind  legs;  with  legs  extended 
may  attain  0^5  to  7.3  mm.)  ;  greatest  breadth  2.93  to  3.75  mm.  Body  elongate 
oval ;  unmounted  specimens  attain  1.0  mm.  broad  at  scapuL-e,  a  specimen  mounted 
under  pressure  measures  0.96  nun.  at  this  point;  the  sides  diverge  from  there  in 
a  slightly  curved  line  to  the  broadest  portion  at  coxa^  IV.  the  curve  being  slightly 
interrupted  at  the  eyes;  the  sides  then  converge  rapidly.  Dorsum:  Scutum 
covers  entire  dors\un  (except  capitiilimi)  or  a  slight  marginal  border  may  be  un- 
covered;  scapulix^  project  0.24  to  0.48  mm.  from  rounded  anterior  border  of 
excavation;  cervical  grooves  very  short,  not  very  deep,  only  the  usual  cephalic 
portion  iKMUg  evident;  marginal  groove  may  be  well  marked;  scutum  reddish 
brown,  with  comparatively  small,  but  fair,  amount  of  whitish  rust,  and  on 
account  of  small  amount,  the  usual  reddish  spots  are  indistinct;  pseudoscutum 
may  be  fairly  w<'ll  marked,  lliongli  it  is  not  prominent,  extending  about  0.40  of 
length  of  scutum  in  median  line;  small  :ind  large  punctations  present,  the  larger 
especially  i)rominent.  Foveola-  so  ^  in  diameter,  over  coxjc  IV.  Venter:  Sur- 
face with  not  unusually  numerous  linirs  and  punctations,  but  esiu'clally  numer- 
ous near  genital  pore.  Cenital  iiore  between  cox;!'  II:  genital  groove  jn-esent. 
Stigmal  plate  0.48  mm.  long  (through  aperture)  ;  bre;id(b   (incliiding  pn.longa- 
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tion)  0.56  mm.;  goblets  may  attain  Tu  in  number  and  12  to  43  n  in  diameter.  \ 
Capituhini :  U.SDfJ  nini.  long;  base  OJAi  uini.  broad.  U.::52  nun.  from  posterior  mar-  i 
jjjin  to  anterior  margin  over  palpi ;  postero-lateral  prolongations  &4  /i,  blunt.  ; 
Mandibles  O.SS  nun.  long:  digit  128  n  long:  dorsal  process  of  internal  article  i 
elongate  transversely,  with  two  visor-like  ridges.  Hypostome  with  seven  to  | 
eight  large  denticles  in  each  row.  I'alpi  480  n  long,  each  palpns  272  fi  in  maxi-  j 
nunn  breadth;  article  1  with  five  ventro-niedian  bristles;  article  2  with  tive  I 
such  bristles;  article  3  with  (?)  two  such  bristles.  Legs:  Coxoe  I  to  IV  with.  1 
rather  rounded  mesial  margin;  coxifi  IV  quite  large;  ventral  margins,  especially!  ] 
of  femur,  tibia,  and  j)rotarsus  IV,  with  well  developed  spurs;  at  least  tibia^  IV  '  j 
(others  could  not  be  studiinl)  with  large  subterminal  recurved  spur.  ] 

f'rimilr." — Dorsum:   Scutum   l..">2  nun.  long  in  median   line:   l.T!>  mm.  broad  "i 
at  lateral  angles:  rather  prominent  because  of  its  whitish  rust;  scapul:T  pro-     | 

j«H-t(  V) ;    from    shoulders    the   sides   diverge    in    a    convex    line   to    lateral     I 

angles,  then  they  converge  in  nearly  a  straight   line  to  jiostero-lateral  angles,     ■ 
when   they   converge   more   rapidly   to   form   a    bluntly   rounded   caudal    angle.     ! 
Cervical  grooves  very  jironnnent.    hour-glass    shaped,    deeper    cejthalad    than     j 
caudad ;  eyes  rather  iironiiuent.  a(   lateral  angles:  l.-iri-'e  and  small  punctatious     | 
jin-sent,  the  larger  esiiecially  prominent   in  lateral  tii'lds;  rust  not  so  thick  in 
autero-iiiedian  field  .as  elsewhere.     I'ncovered  portion  of  dorsum  with  not  very     ' 
liroiiiinent  hairs  and  punctatious.  a  median  and  two  submedian  grooves  iiresent,     j 
niaiginal   groove  and  i»ostero-lateral  festoons  not   very   prominent.     lM>vtM)l;e  a 
.sh()rt   distance  caudad   of  scutum,  about  t)4  fi   in  diameter.     Venter:  Puncta- 
tions  and  hairs  not   prominent ;  genital  grooves  diverge  gradually   to  a    jioint 
about  halfway  l)etween  coxae  IV  and  anus,  then  they  diverge  markedly  toward 
lateral  margin:  median  i)ost:inal  groove*  distinct.     Stigm.il  jilati'  with  prominent 
dorso-liiteral    iirolongat ion    which    is   at    nearly    right    angle    to    a    line   drawn 
fhntugh  the  r.ither  elongate  ;ii)erture:  ahoiK   lo.".  goblets  are  present,  attaining 
10  to  .■',().  even  4."{  fi  in  diameter.     (\Mpitnlnni:   Something  over  (>.."i7t>  nnn.  long; 
base  (>.t;72  nun.  broad;   jiorose  areas  i.ither  deeii,  do  not  meet   in  medi.an   line,     \ 
diverge    anteriorly.     Mandibles     iV(:    (lii:it     (V):    dors,il    process    of    internal 
article    (VI.     !<niali('r  denticles   nn   liyiinstdine   rather  numerous:   eij:ht    or  nine     j 
l:irge  t"elli   in  e.icli    I'nw.      I'alpi    ('.');   .-irticle   1    apiiarenlly  with   four,  .-irticle  2     j 
with   tive.  article  :!  with   tlire*'   ventro-niedian   bristles.     Legs:   Coxa*  diverge  I     1 
til  I\'  :  spurs  or  knobs   (V).  .        i 

)'ii(n(/  frinulr. — Length  .">..".   nun.    (exclusive  of  hind   legs^  ;   greatest    breadth 

."l..".  nun.     Itody   r.ather  ov.il;   inunotuiled  specimen   measures  1.(1  mm.  broad  at 

scapula':  the  sides  div«'nre  from  here  in  a  convex  line  (slii^htlv  interrupted  be-     i 

■        •  'I 

Iween   legs  I  and   II)    tn  a   maximnm  breadth  at   the  stigm.al   plates.     I)orsnm: 

Scutum  covers  abont   (•..'.'J  nf  the  lentrtli  of  the  body    (exclusive  of  eapitulnin); 

eyes  rather  larg(>  and  distinct.      NCnter:   \iil\a   between  cox.-e   II. 

Typk. — Marx  122,  in  I'.  S.  National  Museum.  g.j 

IIo.sT. — Sheej)  (Ovis  a  ties)    in  Texas.  K 

1 
III  (lie  Marx  colledioii   I   liinl  ihroo  bottle?;  ronlainincf  li(^lcp  Avliich     j 

Mar.x  (letenuiiUMl  as  />cnini<  (  i,l<>r  mii/sfi/s,  iinmely: 

Marx   ^^2^\.     Ib>st    (  V) :   Las  ("rnces.  X.   Mex..  one  male:  determined  by 

Marx  as  I),   rcnitxtiix ;  determined  by   .Neumann  :is  /).  nliriilntHx  orciilcutiiltH.     \ 
This  is  a  member  of  the  (inihrsnni  grnnp,  but   it   is  not   It.  niriilrnl<ilis.     It  m;iy 
he  vcniifttux,  but   .as  there   is  mily  one  sjusinuMi,  wliicli   can  not   be  mounted,  I 
reserve  judgment. 


"Only  one  specimen,  which  could  not  l»e  mounted. 
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Marx  121.  Host  Mountain  goat;  Soldier.  Idaho;  one  male  determined  by- 
Marx  as  D.  renmtus;  determined  by  Neumann  as  D.  rcticiilatus  (jccidentalis. 
Not  being  able  to  mount  tbis,  as  it  is  a  single  specimen.  I  hesitate  to  make  a 
definite  determination;  but  it  is  not  D.  occidcnUiUs;  it  bears  a  striking  re- 
semblance to  D.  andersoni,  so  far  as  can  be  seen  on  unmounted  material. 

Marx  122.  Host  Ovis  aries;  Texas;  thi-ee  males,  one  young  female;  deter- 
mined by  Marx  as  D.  vcnustus;  determined  by  Neumann  as  D.  reticulatus  occi- 
dentuUs.     This  lot,  I  assume,  is  type  of  D.  vcntistus. 

Microscopic  examination  of  the  stigmal  plates  shows  that  they  are 
quite  distinct  from  D.  7'eticulatus,  but  very  closely  related  to  D.  parum- 
apertns  and  D.  occideidalh. 

Figure  14  shows  the  plate  of  the  male,  which  is  seen  to  have  a 
pronounced  dorsal  prolongation.  The  aperture  is  broad,  but  not 
very  long,  and  lies  slightly  antero-mediad  of  the  center  of  the  body 
of  the  plate.  The  goblets  are  of  medium  size,  circular  to  elongate, 
and  attaining  a  diameter  of  48  by  28  /z.  They  may  attain  75  in  num- 
ber and  are  somewhat  scattered;  the  goblets  near  the  aperture  are 
larger,  those  nearer  the  periphery  are  smaller  and  more  scattered, 
those  in  the  prolongation  are  smallest  and  the  most  scattered.  The 
longitudinal  diameter  of  the  plate  is  480  /x,  the  transverse  diameter 
(including  prolongation)  is  544  jn. 

The  specific  description  of  D.  vemistus  as  given  by  Banks  is  influ- 
enced by  the  fact  that  he  includes  D.  andersoni  in  this  species. 

Mr.  Banks  (IQOS)  has  examined  the  types  and  drawings  of  D. 
andersoni,  my  drawings  of  Marx's  D.  renustus,  and  also  Marx's  origi- 
nal material,  and  apparently  Marx's  manuscript  of  D.  venustus.  He 
considered  renustus  and  andersoni  specifically  identical  and  has  pub- 
lished them  as  such  under  the  name  D.  venustus,  although  he  does  not 
refer  to  the  name  D.  andersoni.     He  says : 

Specimens  come  from  various  places  in  the  West;  Olympia,  Yakima,  Klikitat 
Valley,  and  Grand  Coulee.  Wash.;  Fort  Collins  and  Boulder,  Colo.;  Pecos  and 
I>;is  Cruces,  N.  Mex. ;  Bozeman.  Mont.;  Bridger  Basin,  Utah;  Soldier,  Idaho; 
and  Texas   (on  sheep). 

This  species  is  quite  common  in  the  Northwest.  It  has  been  included  in  D. 
mrldentaHs  by  Neumann,  but  was  seitarated  out  by  Doctor  Marx  in  manuscript 
under  the  name  I  have  adopted.  It  is  larger  than  D.  occklentalis,  with  more 
red  and  less  white  in  the  coloring,  and  differs  in  many  minor  points  of  stru(> 
ture,  as  size  of  porose  areas,  size  of  hind  coxtie  in  male,  etc.  This  is  the  species 
suiiposed  to  be  concerned  in  the  transmission  of  spotted  fever  in  Montana. 

Bank's  description  of  D.  renustus  is  based  largely,  and  his  draw- 
ings exclusively,  on  material  which  is  in  reality  D.  andersoni.  This 
combination  of  circumstances  gives  rise  to  some  complication.  My 
interpretation  of  the  best  way  to  solve  the  difficulties  is  this:  Marx's 
material  and  Marx's  name  are,  as  admitted  by  Banks,  a  part  of  D. 
venustus  as  described  under  ^Marx's  manuscript  name  D.  renustus, 
which  is  adopted  by  Banks,  although  Banks  writes  "  n.  sp."  after  this 
name.     I  can  not  assume  that  the  type  specimens  of  this  D.  venustus 
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can  be  other  than  the  Marx  material,  for  any  such  assumption  would  I 

necessarily  carry  with  it  a  corollary  that  Banks  had  examined  the  ! 

unpublished  manuscript  and  drawings  of  two  personal  friends  (one  ■ 

deceased)   and  had  taken  advantage  of  these  circumstances.     It  will  I 

be  noticed  that  he  did  not  mention  the  museum  number  of  the  type  ; 

specimen  of  I),  renustus  as  construed  l)y  him,  and  the  most  natural  I 

assumption  is  that  it  is  to  be  found  in  Marx's  material.     Further,  \ 

this  inter])retation  preserves  two  specific  names  now  published  for  | 

their  respective  species.  \ 

If  it  were  to  be  construed  that  the  type  of  the  s])ecies  I>.  reiixntus  i 
as  interpreted  by  Banks  were  not  in  Marx's  material,  then  the  type  of 

D.  andet'soni  examined  by  Banks  would  come  u[)  for  consideration,  i 

To  interpret  this  as  type  would  produce  cjonfusion.  and  seems  not  only  j 

unnecessaiy  l)nt   perhaps  unwarranted.     The  only   remaining  possi-  i 

bilitv  would  be  that  the  type  of  I>.  renustus  is  to  W  found  in  Banks's  '■ 

sj)ecimens  (other  than  what  he  examined  in  my  lal)oratory ).  but  it  is  j 
found   impossible  to  follow  tliis  side  of  the  (piestion   further,  as  it 
would  be  a  reflection  upon  my  friend  lianks  and  would  not  simplify 

matters.     If  any  person  should  be  inclined  to  ditl'er  with  me  in  this  : 
interpretation,  it  may  be  recalled  that  it  is  clear  that  the  nuiterial 

of  Banks's  D.  venustus  would  under  any  other  interpretation  include  \ 

three  distinct  sets  of  tyjx'  niatc'rial.  and  it  i-  e(|ually  clear  that  Marx's  i 

type  material  is  the  oldest.  ] 

The  entire  (juestion  at  issue  contains  elements  which  are  not  covered  | 
in  detail  l)y  the  Intei-national  Code. 

DERMACENTOR  PARUMAPERTUS  Neumann.  1901. 
(  V'vj:.    K;.) 

1001  :  Drntiacrntor  pnrumniirrtiis  N'cuinanii,  IDOla.  2<!7-2r»S  (host  niiknnwii.  at 

I.aUesidc.  ( 'al. )  .—Hanks.  V.MIT.  Cins ;  r.Mts.  4n-4ri.  pi.  S.  fijis.  s.  in. 
]!K)r):   Ih  rnidcrntin-  cicctiis    itiiriiniiiii<riiis    ( .N'l'Uiiiann.    I'.lOl)    Neumann.    llKtrxl, 

2m. 
The  specific  diagnosis  as  given  i»y  Neumann  is  as  follows: 

Male.  —  I'liknown. 

I'cuuilc. — l?iMly  oval,  swollen,  sli^'litly  l)roa(ler  anteriorly,  sides  subreeliiinoar, 
{)  nun.  Ion;;,  ."».."»  nnn.  broad.  Cnlur  deep  cliestnul-brown.  Shield  oval,  sliu'lilly 
lon;,'er  (  l..!  mm.  !on;r»  than  broad,  conlonr  s!i;:htly  siinious  back  of  eyes:  eyes 
Hill,  bl.Mckish,  larjre.  near  eiinalnr  of  shield;  ccTvieal  jrrooves  very  brojid.  beiiij? 
eonfonndetl  with  lateral  jirooves;  pnnetations  nnmerons.  nne<inal.  the  lar;:er 
occuiiyin;;  cspocialiy  the  ;;rooves  jiad  fornnn;:  two  lontrilndinal  series  on  tl»o 
niediiui  lield  :  color  deep  chestnnl-binwn.  I>i>rsal  and  vciilral  snrfacc's  smooth, 
with  nnmerons  tine  pinu-tations.  \iilva  very  small,  very  anterior,  in  plane 
«if  second  interco.xnl  space.  Anus  very  small,  toward  posterior  third;  no  jinal 
groove. 

rerilremes  (sli^'iniil  plates)  very  small  (.".in  m*.  ov.mI.  with  a  short  retro- 
i|ors.il  (irolonpilion.  Kostrum  small.  n.T  www.:  bas«>  short,  at  least  twice  as 
broad  as  Ion;:,  roitangular,  |ioslerior  angles  slightly  salieut;  porose  ureas  small. 
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deep,  oval,  subparallel.  Hypostome  spatulate,  slightly  rounded  at  extremity, 
with  three  rows  of  seven  to  nine  teeth  each  side.  Palpi  thin,  sides  parallel ;  ar- 
ticle 2  one  and  one-half  times  as  long  as  article  3.  Legs  medium.  Coxa;  I  di- 
vided into  two  short  spines,  the  median  thicker;  a  small  spine  at  postero- 
external angles  of  coxje  II-IV.  Tarsi  progressively  attenuated,  terminated  by  a 
short  spine. 

Banks  (1908,  45-40)  restudied  this  form,  which  he  describes  as 
follows : 

Dermacentor  parumapertus  Neumann. 

Malc.—Bnvk  red-brown,  legs  a  trifle  paler,  no  white  markings,  except  some- 
times a  few  small  spots,  and  a  minute  white  spot  at  tips  of  some  joints  of  the 
legs.  Capitulum  moderately  broad,  hind  angles  only  very  slightly  produced ; 
palpi  very  short,  not  as  long  as  width  of  capitulum ;  dorsum  one  and  two-thirds 
times  as  long  as  broad,  with  many  scattered,  deep,  but  not  very  large  punc- 
tures, submarginal  furrow  very  distinct  on  the  sides,  less  so  behind;  twelve 
impressed  lines  near  posterior  margin.  Coxse  spined  as  usual,  hiud  coxie  barely 
wider  on  base  than  long,  legs  rather  short,  hind  pair  not  so  much  larger  than 
the  others,  and  the  teeth  below  small  and  indistinct.  Stigmal  plate  elongate, 
attenuate  behind,  the  fore  part  around  peritreme  with  large  granules,  a  few 
down  on  the  narrow  portion,  which  is  cohered  with  smaller  granules. 

Length  of  male,  2.S  mm. 

Female. — Shield  and  capitulum  dark  red-brown  or  almost  black,  without 
marks;  abdomen  blackish;  legs  red-brown,  a  faint  white  mark  at  tips  of  some 
of  the  joints.  Capitulum  moderately  broad,  hind  angles  distinctly  prolonged 
behind,  porose  areas  rather  small,  nearly  circular,  and  well  separated;  palpi 
as  long  as  width  of  capitulum.  Shield  plainly  a  little  longer  than  broad,  with 
many  deep  punctures;  those  in  the  depressed  area  each  side  especially  large 
;uid  numerous,  almost  confluent.  Legs  rather  small  and  short;  coxae  armed  as 
usual.  Stigmal  plate  small,  with  a  distinct,  although  short  and  broad,  dorsal 
prolongation;  most  of  the  surface  with  rather  large  granules,  but  those  on 
the  prolongation  very  small. 

Length  of  female  shield,  1.1  mm. 

Specimens  are  from  Lakeside,  Cal.  (also  Neumann's  type  in  the  Marx  collec- 
tion), taken  on  man,  and  in  a  chicken  house. 

Distinguished  from  other  forms  most  readily  by  lack  of  white  on  shield,  by 
porose  areas,  and  stigmal  plate.  After  describing  this  species,  Neumann  later 
made  it  a  variety  of  D.  elcctus  (variahiUs) ,  but  it  differs  in  many  important 
characters  from  that  species,  and  the  granulations  of  the  stigmal  plate  are  much 
lai-ger. 

Dermacentor  parumapertus  var.  maruinatus. 

This  form  agrees  in  general  with  the  true  D.  parumapertus.  but  differs  in 
se\eral  minor  points.  The  posterior  border  of  the  female  shield  is  margined 
with  white;  the  porose  areas  are  larger  and  rather  closer  together;  the  lateral 
lobes  of  the  shield  have  fewer  punctures,  and  the  shield  is  more  contracted 
behind  the  eyes;  the  stigmal  plate  of  the  female  has  a  narrower  dorsal  i)ro- 
longation,  and  the  inner  margin  is  more  convex;  the  posterior  angles  of  the 
capitulum  are  less  prominent.     Otherwise  it  is  very  similar  to  the  type. 

Several  specimens  from  Mesa  City,  Ariz.,  from  a  jack  rabbit  (Cordley). 

jNIy  material,  apparently  the  type  specimen,  does  not  permit  a 
detailed  study. 
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* 
A  microscopic  examination  of  the  stigmal  plates  of  the  type  speci- 
mens (Marx  U3)  shows  that  this  form  is  quite  distinct  from  D. 
clectus  and  that  it  is  chjsely  rehited  to  D.  reri'istcs  and  />.  andersoni. 
The  slide  of  the  type  is  not  especially  <rood.  but  certain  features  can 
be  clearly  recognized.  i 

Figure  10  represents  the  stigmal  plate  of  the  female.  It  will  be  ] 
noticed  that  the  plate  is  relatively  small,  the  aperture,  and  ef<i>c<iaUy  \ 
the  iluuiiber,  relatively  very  large:  a  prominent  dorso-lateral  pro-  - 
longation  is  present;  and  the  goblets  are  rather  numerous  (5)0)  and  I 
of  medium  size,  7  to  2.")  /x  in  diameter.  One  of  the  most  prominent  { 
featui-es  is  the  convexity  of  the  surface,  especially  near  the  aix'rture.  ! 
This  convexity  gives  to  the  phite  an  ai)peai-aiice  which  is  (juite  dill'er-  ' 
ent  from  that  noticed  in  the  other  si)ecies,  where  it  may  be  relatively  i 
flat,  or  even  concave.  Two  other  characters  of  the  plate  are  quite  i 
prominent :  The  gol)lets  an-  iiuu>ually  circidar  in  outline  and  arranged  ! 
rather  regularly  near  the  api'rture:  further,  on  the  proxinud  border  i 
of  the  dorso-lateral  |)rolongat ion  there  is  a  prominent,  soliil,  i)road  | 
margin,  free  of  gol)let>  or  other  siiuilar  structures. 

\v\\  closelv  allied  to  I>.  /m rn inn pcrtufi  is  the   following  form:       ^ 


DERMACENTOR  PARUMAPERTUS  MARGINATUS  Banks,  1908. 
(Fijxs.  IT-I'.t.  r)S.  :.;».  tu.  ;ii.  '.»•_'.  no.  lit.  vis.) 
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190S:    Dcniiacriitor    ixirKiiinin  rhis    )ii<ir<iiinitiis    I'.anks.    I'.KIS,    4<i,    jil.    S.    fip.   6 
(liosl.  .lack  rnliliil    |  lU-Mhahly  L<inis  (niiiiciis]:  Mesa  (Mty.  Ariz.). 

Banks  has  recognized  as  a  sul)si)ecies  of  />.  pnrunNipcrtKs  a  form  : 
taken    from    the    Jack    rabbit    in    Arizona.      Owing    to    paucity    of 
niaterial  (d"  the  type  form.  I  am  not  altogether  clear  at  present  as  to 
the  relations  of  the  two  ticks  in  ([uestion.     The  following  description  ;| 
is  based  upon  nuiterial  which  is  evidently  Hanks'  />.  p.  //ui/y/nnfns;      i 

SuBSPKc  H' i(  DiAcNosis. — lUitiiiitritlof  (p.  IS):  i  and  9:  ("amlal  ii)ar«iu  i 
praclically  st'iiiii-ircnl.ir.  Imt  amis  nearer  cauda  1  tliaii  lateral  margins,  oxeoptl 
in  rei'l<'t<'  l'<'iMal<'.  Cnlor  icddisli  lirown.  \rry  liltlc  rust  present  (alcohol' 
sptH-iinens)  :  laiiilnlnin  alunii  ilir  same  colnr.  lint  leirs  Ii;:liter.  Dorsum:  ICyos  |j 
I'ot  very  prnmiiicnl.  Iml  (|uilc  disliiut  in  nmnntod  siu't-inions.  Scutum  with  j 
only  a  sliu'lil  ainniini  nf  nist  ;  lar.m-  punrtations  nin«li  nmrc  pnunineut  than  j 
Iho  smaller.  NCnlfr:  (Iciiilal  pmc  surnuindcd  by  niinuMnns  lai-L:(>  and  small  j 
punctalions.  ospcciaily  in  mile.  Anal  I'ini:  riniilar.  ■_"_'!  t<i  UMo  n  in  diameter.  | 
Stiumal  i)lates  with  i)ronunent,  broad,  ihirso-lateral  prolon;.'at  ion :  p)hlets  of  j 
medium  size,  7  t(<  :V1  fi  in  diameter,  attain  44  to  !•!>  in  nund)er.  nniisually  eireuhir, 
con<-entrated  around  aperture,  but  scattered  on  pndonsation  which  forms  i 
eaudully  an  ohtn.M' anjrle  in  the  male  .and  an  .-ii-ule  iin^'le  in  tlio  female:  mosheS- 
of  mi(hlle  l.axcr  \.iry  in  diameler.  ("aiiitnlum:  I'oslero-lateral  prolon.irations  of  ^ 
base  slinrt.  IIyp<>stonu\  v:\rh  half  with  a  nnnilier  of  nunule  lernnnal  and' 
suhteiiiiinal  denlides.  followed  by  three  rows  of  larger  denticles,  followed  by  ^ 
scales.  I'alpi.  I;ileral  ma ririns  convex  :  median  dorsal  mar^jiu  prondnently  eou- ^ 
ve.\.     LeKs:    The    lati-ral     (outer)    spur   of   co\,e    I    distinctly    longer   than    the< 
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median  which  is  quite  short ;  trochanter  I  with  a  dorso-termiual  retrograde 
blade,  similar  to  D.  andcrsoni;  ventral  knobs  not  well  developed;  tarsi  I  with 
poorly  developed  terminal  spur. 

M«?e.— Length  2.8  to  3.187  mm.  (exclusive  of  hiud  legs;  with  hind  legs  ex- 
tended may  attain  4.18  mm.)  ;  greatest  breadth  1.68  to  1.81  mm.  Body  rather 
triangular;  unmounted  specimens  attain  0.64  to  0.688  mm.  broad  at  scapuhie; 
specimens  mounted  under  pressure  may  attain  0.75  mm.  at  this  i)oint ;  the  sides 
diverge  from  here  in  almost  a  straight  line  until  they  reach  their  maximum 
diameter.  Dorsum  :  Scutum  covers  nearly  or  quite  entire  dorsum  (except  capit- 
ulum)  ;  scapulje  project  0.08  to  0.16  mm.  from  border  of  excavation,  which  is 
rather  convex  cephalad;  cervical  grooves  deep  and  prominent  anteriorly;  mar- 
ginal groove  distinct;  scutum  dark  reddish  brown,  very  little  rust  present  (alco- 
hol specimens)  ;  pseudoscutum  very  indistinct ;  numerous  fine  punctations  and 
hairs  present;  also  large  punctations,  which  are  unusually  prominent,  and  more 
apparent  in  marginal  field  than  elsewhere;  eyes  well  marked  at  coxae  II. 
Foveolie  just  hack  of  plane  of  anterior  margin  of  coxte  IV,  64  /i  in  diameter. 
Venter:  Ventral  surface  with  coarse  and  fine  punctations  and  large  and  small 
hairs,  especially  numerous  near  genital  pore;  four  longitudinal  rows  of  large 
hairs  especially  prominent  arranged  near  median  and  lateral  margins  of  coxae. 
Genital  pore  between  coxge  II ;  genital  groove  distinct.  Stigmal  plate  rather 
small  and  rather  similar  to  D.  occidcntalis;  0.256  to  0.288  mm.  long  (through 
relatively  large  aperture)  ;  0.32  to  0.40  mm.  broad  (including  long  slender  dorso- 
lateral i>rolongation)  ;  attaining  0.488  mm.  when  measured  from  antero-median 
margin  to  tip  of  prolongation;  goblets  may  attain  44  in  number.  13  to  32  /^  in 
diameter,  rather  concentrated  around  aperture,  fewer  and  more  scattered  on 
prolongation.  Capitulum :  0.56  to  0.6  mm.  long;  base  0.432  to  0.512  mm.  broad 
by  0.192  mm.  from  posterior  margin  to  anterior  margin  over  palpi;  postero- 
latei-al  angles  project  32  to  40  fj.,  rather  blunt.  Mandibles  0.7  to  0.8  mm.  long; 
digit  88  /x  long;  external  article  with  large  proximal  and  smaller  distal  tooth, 
the  usual  minute  apical  tooth  mot  visible  (absentV)  ;  dorsal  process  of  internal 
article  not  very  prominent,  elongate  transversely  in  two  visor-like  ridges.  Hy- 
postome  with  minute  subterminal  denticles,  followed  by  three  rows  of  six  to 
eight  large  denticles,  followed  by  scale-like  denticles  disappearing  median  to 
lateral.  Pal])i  0.368  to  0.4  nmi.  long;  each  palpus  about  144  to  200  w  in  maxi- 
nuim  breadth;  article  1  small,  with  two  bristles,  article  2  with  four  bristles, 
article  3  with  two  bristles.  Legs:  Coxfe  IV  rather  large,  may  attain  plane  of 
caudal  margin  of  stigmal  plates;  ventral  knobs  not  well  developed;  tarsi  I 
with  poorly  developed  terminal  spur;  tarsi  II-IV  with  poorly  developed  sub- 
terminal  and  not  very  well  developed  terminal  spur. 

Female. — Dorsum:  Scutum  1.23  to  1.37  mm.  long  in  median  line;  1.5  to  1.6 
mm.  broad  at  lateral  angles;  distinct  despite  small  amount  of  rust  present 
(alcohol  specimens)  ;  scapuhe  project  160  to  270  /n  from  anterior  margin;  from 
shoulders  the  sides  of  scutum  diverge  in  a  very  convex  line  to  lateral  angles, 
from  here  they  converge  in  a  line  (which  may  be  slightly  concave)  to  the 
blunt  postero-lateral  angles,  then  they  converge  more  rapidly  forming  a  bluntly 
rounded  caudal  margin ;  in  general  the  outline  appears  oval.  Cervical  grooves 
very  distinct,  broad  caudally,  forming  an  hourglass.  Eyes  at  lateral  angles, 
not  prominent  under  a  hand  lens,  but  may  appear  light,  more  prominent,  and 
rather  salient  under  the  microscope.  Some  fine  punctations  present;  larger 
IMiuctations  quite  prominent.  Rust  appears  on  postero-lateral  margins.  Un- 
covered i)ortion  of  dorsum  with  numerous  not  very  prominent  punctations  and 
Imirs;  also  a  distinct  median  and  two  sulimedian  grooves,  marginal  groove  not 
[very  i)rominont.  Venter:  Fine  and  coarse  punctations  (cnticular  rings  with 
'  44132°— Bull.  62—10 4 
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hairs)  present;  one  row  of  hairs  especially  prominent  each  side,  lateral  of  i 
hiteral  spine  of  coxae;  genital  grooves  diverge  slightly  to  a  point  abont  half  j 
way  between  coxae  IV  and  anus,  whence  they  diverge  markedly  toward  lateral  ' 
margin;  median  postanal  groove  present.  Stigmal  plates  0.3S4  to  0.4  mm.  long  i 
(through  unusually  large  aperture  and  chamber)  ;  O.:io2  to  0.-384  mm.  broad,  ! 
including  proiniucut  projection;  goblets  73  to  tH»  in  number.  7  to  :W  fi  in  diam-  \ 
cter.  ('ai)itulum:  o.S3  to  0.!i4  mm.  long:  base  0.<J.">(i  to  0.72  mm.  broad.  0.24  to  { 
0.27  mm.  from  posterior  margin  to  anterior  margin  over  pali)i;  postcro-lateral  J 
angles  short,  10  to  48  m.  bluntly  rounde<l.  Porose  areas  nearly  cin-uiar  to  rather  j 
oval,  do  not  meet  in  median  line.  Mandibles  attain  1.12  nun.  long:  digit  128  n  j 
long;  external  article  with  three  teeth,  proximal  large,  snl)apical  smaller,  j 
apical  very  small ;  dorsal  process  of  internal  article  apparently  with  two  prongs.  ! 
Ilypostonie  with  smaller  terminal  denticles,  followed  liy  thnv  rows  of  large  j 
denticles,  ten  to  twelve  in  each  row.  disjippearing  niiMlian  to  lateral.  Kaeh  i 
Iialjius  attains  o.."»!»  to  O.IU  mm.  loTig.  by  0.2150  mm.  Itroad  :  arti<-le  1  triangular  ; 
to  nearly  (piadrangular  ventrally.  with  four  ventro-median  l)ristles;  article  2  , 
inncli  longer  than  broad,  with  live  ventro-median  bristles;  article  3  nearly  j 
(piadrangular  dorsally.  with  two  to  three  ventro-niedian  bristles:  article  4 
small,  ventro-sul)terniinaI  of  article  3  and  with  several  bristle.^.  ('ox:p  II  to  IV  j 
diverge;  median  spur  on  cox;e  I  unusually  short  when  compared  with  lateral  I 
si)ur,  which  attains  1(50  /i  in  length  and  shows  a  tendency  to  curve  laterad ;  tarsi  ' 
I  with  very  jioorly  developed  terminal  sjmr:  spur  on  tarsi  l1  to  IV  slender,  not  1 
very  prominent.  « 

Ydiinfi  fciiuilr. — Length  3..37n  to  3.87;"  mm.  long  (exclusive  of  hind  legs;  with 
liind  legs  extended  attains  .").()  to  5.3  mm.)  ;  greatest  breadth  2.0  to  2.02."t  mm.  i 
l?o(ly  elongate  oval  to  broad  oval;  unmounted  specimens  0.8  to  0.88  nun.  broad  ] 
at  scaimhe;  the  sides  diverge  from  here  in  a  markiHlly  convex  line  (wlii<-h  is  i| 
slightly  interru])ted  lictwcen  legs  I  and  \l)  tn  llicir  niaxinunn.  wlien  they  con-  j 
verge  rapidly,  forniiiig  a  blniilly  rounded  caudal  margin.  Dorsum:  Scutum  i^ 
covers  0.43  to  <••"><•  <'t"  length  of  body  (exclusive  of  liead)  ;  postero-marginal 
festoons  evident  iml  not  unusually  prominent.  Foveol;e  :i  short  distance  caudad  l| 
of  scutum,  fit  Id  112  fj.  ill  di.iiiieter.  \'i'nter:  N'lilva  between  cn\;i'  II.  Anus  1 
nearer  caudal  than  lateral  margins. 

Replete  fenitiU: — .May  attain  1(>.:'.  mm.  long  Iiy  7  mm.  bi'oad  by  .">  mm.  thick,  j 
Form  oval.     Legs  I  Iatt>ral  of  scutum  so  that  anti-rior  margin  of  body   (back  of  j, 
head)  seems  almost  straight  and  attains  1.S4  nun.  in  I)reatllh:  from  here  body  in-   i 
creases  rapidly  in  breadth  In  lis  maximiim  in  llic  leginn  <>f  co\;e  I  \'  ;  no  constric-   I 
tion  visible  at  stigmal  iilale;  caudal  end  very  bluntly  rounded.     Dorsum:  Kyes   I 
slightly  more  distant  than  in  young  female,  owing  to  their  more  ])roniinent  posi- 
tion, due  to  change  in  form  of  body.     Scutum  with  rust  at  margins  as  in  young 
fi'Uiale.     .Median  and  submedian  grooves  visil>l(>  as  lines,  .-ind  a   pair  of  broU«'n 
grooves  (indicated  ;is  lines)   lateral  of  submedian  grooves.     N'enler:   Vulva  has  I 
sliifted  to  anterior  of  plane  of  coxa»  II.     (;enital  groove  still  distinct,  postanal  ' 
groove  a]ipe;irs  niei-ely  as  a  line.     Legs:  Coxa-  mucli  farther  .Mipart.  due  ti>  rejile-   : 
tion.  ( 

Typk, — rollection.  ll.inks,  Washington,  D.  C.  i 

Of  this  form  1  have  seen  the  following;  sj^ocimcns:  « 

Marx  137.     Host,  .Tack   rabbit:   I'mt    Howie.  Ariz.;  deterndned  by  Neum.Mmi  as  i 

Dermneentor  eleetiis. 
Marx  1.30.     Host,  .Tack  rabbit:   Fort   Howie,  .\riz. :  determined  by   .\(>umann  as 

Dentuieenlor  eleehis. 
?  Marx    142.     Host    ;ind    locality  V:    determined    by    Neumann    as   Dermaeeutor  (\ 

eliftiis.     This   is   :i    member   of   the  aiidersoni   group,   iind    is  probably   th<  jj 

same  !is  l.'',7.  but  the  m.iteiial  is  not   vcrv  favorable  for  idenlilicalion,  1 
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B.  A.  I.  3415.     Host,  Lcpus  camptstris ;  Demiug,  N.  Mex. ;  collected  by  A.  H. 

AVallace;  determined  by  Stiles  in  1902  as  D.  rcticulatun. 
Marx   129.     Host    (?),   Elko,   Mont.;   determined  by  Marx  as  D.   amrricanus; 

determined  by  Neumann  as  D.  elcctus;  two  gravid  females,  not  especially 

favorable   for   determination ;    clearly   belonging  to   andcrsoni  group,    and 

apparently  to  D.  parumapcrtus  marginatus. 

Figures  17  to  19  show  the  male  and  female  plates  of  a  tick  which 
Neumann  considered  D.  electus.  Microscopic  examination  of  the 
plates,  however,  shows  that  we  are  dealing  with  specimens  of  the 
Andersoni  group,  for  the  goblets  are  of  medium  size.  In  the  male 
(fig.  17)  the  plate  resembles  that  of  the  male  D.  venustas  and  D. 
occidentalis  to  some  extent;  in  the  female,  the  plate  reminds  one 
strongly  of  that  of  D.  parumupertus.  The  convexity  of  the  plate, 
the  arrangement  and  the  circular  form  of  the  goblets,  the  very  large 
aperture  and  chamber,  and  the  very  broad  anterior  margin  {m)  of 
the  prolongation  clearly  distinguish  this  form  from  all  others  forms 
discussed  in  this  paper,  with  the  possible  exception  of  D.  parumaper- 
tus.  It  is  desirable  to  study  a  number  of  specimens  of  the  latter  in 
order  to  decide  upon  the  relation  which  these  two  forms  bear  to 
each  other. 

SALMON!  GROUP. 

We  may  next  pass  to  three  species  (/>.  nigrol}ncntiis^  D.  salmoni, 
and  D.  variegatus  Xeumann  [=  Z>.  alhipictus  Packard,  teste  Banks], 
which  bj'^  means  of  their  stigmal  plates  can  be  easily  distingtiished 
from  all  other  species  of  Dermucentor  discussed  in  this  paper;  it  is 
more  difficult  to  di.stinguish  salmon'i  from  variegatus  by  this  means, 
but  the  latter  is  very  pilose  and  of  different  outline  from  solmoni. 

The  goblets  in  these  species  are  large,  namely,  usually  30  to  85  p.  in 
diameter,  and  hence  relatively  few  (56-126)  in  number  when  com- 
pared with  the  reticulatus  group. 

DERMACENTOR  NIGROLINEATUS  (Packard  1869)  Banks,  1907. 
I  Figs.  20-25,  (J(M:)4.  77,  78,  93,  94,  112,  113.  129.  130.) 

^1869:  Lrodcft  iiifiroJincdtiis  Packard.  lS(J9b,  GO  (on  Vcrcus  r'niihiUuins.  Northern 

New   York). 
1907:  Dcrmacrutor  niyrolinidtiis    (Packard,  ISC/.))    lianks.  l'.Mt7.  008. 

>■  Specific  diaonosis. — Dcnnaccntor  (p.  18)  :  $  and  young  $  :  Caudal  margin 
semicircular.  Color  (alcohol  specimens)  dirty  yellow  to  reddish  brown:  caiiitu- 
ium  and  legs  may  be  either  lighter  or  darker  than  body  and  scutum.  Dorsum : 
Kyes  rather  distinct,  salient  in  female,  less  prominent  in  male.  Scutum  with- 
,iut  rust,  i)unctati()ns  small,  with  short  hairs.  Venter:  Genital  pore  surrounded 
l>y  hairs  (S)  which  are  much  less  numerous  and  less  prominent  in  female; 
'ntire  cuticle  quite  pilose,  much  like  D.  rarUf/atu.s.  Anal  ring  nearly  circular, 
■^lightly  broader  than  long,  transverse  diameter  (mounted  specimens)  about 
252  M.  sagittal  diameter  240  ti.  Stigmal  plates  without  any  dt)rso-lateral  pro- 
longation ;  aperture  relatively  small,  preequatorial  in  male,  less  distinctly  .so 
n  female :  goblets  rather  large,  15  to  53  fi  in  diameter,  more  numerous  in  post- 
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equatorial  than  In  preeqnatorlal  portion,  ('npitulum :  Postero-lateral  projec- 
tions prominent,  about  su  m  long.  Hypostonie.  each  half  with  a  number  of  I 
minute  subterminal  denticles,  followed  proximally  by  three  rows  of  six  to  ! 
eight  large  denticles,  followed  by  several  smaller  scale-like  denticles.  Palpi,  j 
both  lateral  and  metlian  margins  convex;  two  to  three  bristles  on  ventro  | 
median  margin  of  article  1;  three  to  five  on  same  margin  of  article  2:  twt>  to  I 
three  on  same  margin  of  article  3;  article  3  rather  triangular,  in  dors;\l  view,  i 
its  distal  margin  somewhat  rounded";  dorso-retrograde  prolongation  at  postero-  j 
median  angle  of  article  2  may  be  indicated,  but  is  insignificant  if  present  j 
Legs:  Lateral  (outer)  sjtur  on  cox:p  I  somewhat  narrower  than  median  (inner)  ' 
situr.  but  of  about  sjime  length;  trochanter  I  with  prominent  sharp  retrograde  j 
spine-like  distal  sjiur;  ventral  margins  of  femur  I\'.  tibia  III-IV  and  pro-] 
tarsus  IV  may  bear  slight  spurs  or  knobs,  but  these  if  present  are  not  at  all  ; 
prominent:  tarsi  I  with  .small  terminal  spur. 

Male. — Length,  3.36  to  4.0  mm.  long  (exclusive  of  hind  legs)  ;  greatest  j 
breadth,  l.UO  to  2.5  mm.  Body  oval ;  unmounte<l  si>ecimens  attain  0.8S  nun.  | 
broad  at  scapuhe;  the  sides  diverge  from  here  until  they  reach  their  maxinuiin  \ 
breadth  jit  cox:o  IV  or  at  stigmal  plates.  Dorsum:  Scutum  covers  nearly' 
entire  dorsum  (except  capitulum  and  caudal  margin);  scapuhe  project! 
about  <).2(iS  mm.  from  border  of  excavation;  cervical  grooves  not  pronnnen 
more  distinct  anteriorly  than  posteriorly;  marginal  gi'oove  not  distinct,  exce] 
at  sides  in  some  specimens;  scutum  dirty  yellow  to  brownish,  without  rust; 
pseudoscutum  very  indistinct  (one  specimen)  or  absent;  eleven  i)ostero-ma 
ginal  festoons,  the  nuHlian  may  be  distinctly  narrower  than  the  others;  numeit- 
ous  minute  punclatioiis  with  short  hairs  i>resent.  Foveohe  near  medi;in  margin  1 
of  coxie  IV.  may  attain  04  to  SO  n  in  diameter.  Venter:  Ventral  surface' 
thickly  beset  with  hairs.  (Jenital  pore  hetwiH-n  coxa'  II;  genital  groove  di*  ' 
tinct.  diverging  rai)idly  c.-iudad  of  coxa*  1\'.  Stigmal  plate  (».4."m  to  (l."(4(i  mot  J 
long,  (t.224  to  <>.."..'{(;  nun.  broad;  goblets  about  (is  in  number  and  1.")  to  Tt'A  /x  in' 
diameter.  Capilnl'""  :  Small,  may  attain  about  (t..")(»4  uwn.  in  length:  basei! 
0.4(i4  to  0.4S  nun.  bro.id.  (•.!!<•  nun.  long  frtun  posterior  margin  to  .interiori' 
margin  of  portion  over  palpi:  postero-l.-iteral  prolongations  about  so  m  long.,' 
Mandibles  about  O.tJriO  to  (i.T(^4  nun.  long;  digit  .-itt.-iins  120  n  in  length:  ex-' 
(ernal  arlicU'  with  rather  large  recurved  proximal  tooth  (smaller  snb.ipiciil  1 
tooth  not  observed),  and  very  minute  apic:il  t<»otli;  dorsal  jtrocess  of  internali, 
jirli<le  elongate  transversely  with  two  visor-like  transverse  riilges.  IIyiiostomd|' 
with  six  to  (Mglit  large  denticles  in  e.ich  row.  I'aliii  (t..'l2(t  to  o.:\(\s  mm.  long;! 
each  palpus  .-ittains  (t.ls4  to  (1.224  mm.  in  maximum  breadth;  article  2  witbi 
four,  articU'  3  with  two  to  three  bristles  on  ventro-median  tnlge.  Ix»gs:  Cox^ji^ 
lateral  spurs  of  II  to  1  \'  prominent,  median  spurs  of  II  to  IV  snuill  or  .Mbsentj. 
tibia  III  and  fennir.  tibia.  ,ind  protarsns  IV  with  or  without  slightly  d«'velo|»ed^ 
knobs  or  spurs;  tarsi  1  with  small  or  fairly  well  developed  terminal  spur,  tarsi 'I 

II  to  III  with  subterminal  and  lermin.il  spurs,  tarsi   IV  aiti).irently  with  ter-i, 
miual  spur  only.  ' 

YiiuiKj  female." — Length  .^»  to  (i.O  mm.  («»x<'lnsive  of  bind  legs)  ;  greatestl' 
breadth  .'5  (<»  3.3  (uiunoimted)  to  4.00  mm.  (moimted).  Body  rather  elongate' 
oval ;  unmounted  specimens  attain  about  0..S0  to  0.00  nun.  brojid  at  scapul«,|' 
spei'lmens  mounted  under  pressure  attained  otdy  a  slightly  greater  breadth,!' 
0.002  nun.;  the  sides  diverge  from  here  to  a  maxhnum  breadth  about  at  cox«| 

III  to  IV,  then  they  may  rim  nearly  i)arallel  for  a  short  distance  or  converge  at^ 
lirst  gradually,  then  more  nipldly  to  bhnitly  roimdetl  caud.-il  margin.     Porsinn: 
Scutum  covers  nearly  ((..'VJ  of  body  length  (one  siK'cimen)    (exclusive  of  capilu- ' 


•  SiJeclmens  ixwrly  preserved  as  to  form. 
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lum)  ;  1.12  to  1.44  mm.  long  in  median  line;  0.992  to  1.312  mm.  broad  at  lateral 
angles;  rust  absent;  scapulte  project  0.176  mm.  from  border  of  excavation  ;  from 
shoulders,  the  sides  of  the  scutum  curve  (convexity  laterad)  to  the  lateral 
angles,  then  converge  with  somewhat  sigmoid  course  to  more  or  less  pointed 
posterior  angle.  Cervical  grooves  distinctly  deeper  cephalad  than  caudad,  each 
forming  mediad  the  concave  side  of  an  hourglass.  Punctations  small,  with 
fine  hairs,  but  in  unmounted  material  a  few  large  punctations  also  are  seen. 
Ej-es  rather  salient,  at  lateral  angles,  very  dark  in  unmounted,  translucent  in 
cleared  specimen.  Uncovered  portion  of  dorsum  shows  numerous  fine  puncta- 
tions (circular  pores)  with  fine  hairs;  also  several  longitudinal  grooves  (which 
can  not  be  safely  interpreted  because  of  shrunken  condition  of  specimens). 
Foveohe  32  tj.  in  diameter,  between  coxje  IV.  Venter:  Punctations  and  fine 
hairs  present,  but  not  so  numerous  as  in  male;  genital  grooves  diverge  gradually, 
then  form  curve  (convexity  mediad)  caudad  of  zone  of  coxae  IV,  then  diverge 
rapidly  latero-caudad ;  median  postanal  groove  apparently  present  (material 
poor).  Stigmal  plate  relatively  much  broader  and  .shorter  than  in  male,  392  fi 
long  by  308  to. 378  m  broad;  goblets  attain  about  103  in  number,  usually  24  to 
52  by  24  to  40  fi  in  diameter,  extremes  17  and  52  //..  Vulva  in  zone  between 
cox!«  I  and  II.  Capitulum  (only  one  good  si)ecimen)  :  About  0.72  mm.  long; 
base  0..592  mm.  broad,  and  0.282  mm.  long  from  posterior  margin  to  anterior 
margin  of  portion  over  palpi;  postero-lateral  angles  48  to  G4  ft  long,  rather 
blunt;  porose  areas  broad,  do  not  meet  in  median  line.  Mandibles  about  0.88 
mm.  long;  digit  120  ix  long;  external  article  with  large  proximal  i-ecurved  tooth, 
smaller  subapical  and  very  small  apical  tooth;  dorsal  process  of  internal  article 
with  two  teeth.  Hypostome  with  numerous  minute  subterminal  denticles,  fol- 
lowed by  three  rows  of  larger  denticles  on  each  half,  ten  or  more  in  each  row, 
disappearing  first  from  median,  then  intermediate,  lastly  from  external  row. 
Palpi  0.410  to  0.4()4  mm.  long;  each  palpus  may  reach  a  maximum  of  0.102  to 
0.224  mm.  in  breadth ;  article  2  may  have  five,  article  3  may  have  three  bristles 
on  ventro-median  margin.  Legs:  Coxae  I  to  IV  diverge  gradually  away  from 
median  line;  coxje  I  and  trochanter  I  about  as  in  male;  knobs  or  spurs  on 
tibia  III,  femur,  tibia,  and  protarsus  IV  not  prominent;  tarsi  I  with  fairly 
well  developed  terminal  spur ;  tarsi  II  to  IV  with  terminal  spur  and  two  small 
subterminal   knob.s. 

li<pJcU'  female. — Not  seen. 

\initi)hal  skin. — Stlgmal  plate  with  14  goblets  (fig.  25). 

Typk.— Museum  of  Comparative  Zoology,  Cambridge,  Mass. 

Hosts. — Deer  (New  York,  Wisconsin,  Texas),  Eqiuis  eahanus  (Oklahoma, 
Tennessee). 

The  specific  diagnosis  as  given  by  Banks  (1908,  48-40)  reads  as 
follows : 

l/rt^P._I{ather  pale  red-brown,  no  white  markings,  but  the  black  cfpcal  marks 
show  through  in  most  specimens  as  several  irregular  lines  behind;  legs  more 
yellow-brown.  Capitulum  small  and  narrow,  its  posterior  angles  produced  into 
long  spines;  palpi  very  small  and  stout.  Dorsum  slender,  about  one  and  two- 
Ihirds  times  as  long  as  broad;  middle  anterior  region  smooth  and  shining,  sides 
iiiid  behind  densely  punctured,  and  with  many  short  hairs;  lateral  furrows  not 
\iiy  distinct,  twelve  impressed  lines  behind,  but  the  festoons  are  not  as  obvious 
iis  usual.  Legs  rather  short,  cox.ie  with  usual  spines,  coxa  IV  but  little  wider 
:!t  base  than  long;  stignial  plate  large,  elliptical,  without  dorsal  prolongation, 
iiiul  covered  with  many  large  granules. 

Length  of  mule,  3.5  mm. 
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Female. — Shield  red-brown,  without  marks;  legs  similar;  abdomen  dark! 
red-brown.  Capilulnni  sfarcvly  twice  as  broad  as  long;  hind  angles  distinctly  { 
prolonged  behind;  porose  areas  large,  oval,  and  distinctly  separated;  juilpil 
small  and  short,  not  as  long  as  width  of  capituluni.  Shield  |)lainly  longer  than] 
broad,  broadest  nuich  before  the  middle,  tapering  and  almost  pointed  behind,  | 
with  very  few  punctures.  Legs  sn)all  and  short,  the  tarsi  very  short;  ooxsel 
with  the  usual  spines,  that  on  IV  no  longer  than  on  III.  Stigmal  plate  ellip-j 
tif-al,  of  same  shape  as  in  male,  no  dorsal  prolongation,  and  covered  with  many! 
large  granules. 

Length  of  female  shield,  1.2  mm. 

Throiifrh  the  kindness  of  Mr.  Nathan  Banks  I  have  been  able  to  I 
examine  a  male  tick  (IT.  S.  P.  H.  &  M.  H.  S.  1059-2)  determined  by  i 
liim  as  Deniuuentor  nh/wlhicatns,  host  and  locality  not  stated.  This! 
measures  3.40  mm.  Ion":  bv  1.09  mm.  in  greatest  breadth. 

The  two  stigmal  plates  (lig.  -JO)  measure,  respectively.  0.45,")  nnn.  i 
long  by  0.2S()  nun.  broad,  and  ()..M1  mm.  long  by  0:1'1A  nnn.  broad.  | 
The  outline  of  the  plate  is  quite  regidar.  without  any  indication  of  a  , 
dorso-lateral  prolongation.  There  are  (">!)  goblets  present;  these  are! 
circidar  to  oval.  .''-J  to  40  ^  in  diameter,  and  are  more  nmnerous  in  the  I 
pos(e(|natorial  j)ortion  of  the  plate.  The  macula  or  pore  is  in  the  i 
preecpiatorial  portion  of  the  plate. 

Of  other  characters,  the  following  may  be  mentioned  : 

The  l)ase  of  the  ca|)itulum  (fig.  (JO)  is  ().44S  nun.  broad;  the  postero-  \ 
lateral  angles  j)roject  al)out  !ic>  /x:  the  jjalpi  are  about  ;V20  /i.  Trochan-  i 
ter  I  has  a  well-developed  sharp  dorso-distal  retrograde  sjiur.  Thai 
venter  is  thickly  beset  with  hairs,  and  hairs  and  pores  are  nmnerous^ 
around  the  male  genital  pore.  \ 

A  male  of  U.  S.  P.  II.  c^  M.  II.  S.  0!)9i>  (mounted)  appears  to  bei' 
specifically  identical  with  Hanks's  specimen.  It  was  collected  ia;; 
New  ")'ork.  .Vccordiug  to  our  catalogue  record  it  was  determinedji 
by  P>anks  as  />.  r<ir}(</(itiis.  ; 

It  measin-es  3.3(1  mm.  long  by  ^i:.V.\  nun.  broad;  the  stigmal  i)latesr 
measure  ((..Ms  by  ().;>,•_'•_'  and  ()..')-lc.  i)y  ().;',;',(•>  mm.  ! 

There  is  a  single  female  specimen  of  999l>.  rnfortunately  it  is  ij 
datmiged.  Its  scutum  (fig.  7S)  measures  1.34  nun.  long:  the  stigmal 
plates  are'  less  elongate  than  in  the  nnile:  they  measure  0.3!)2  by  0.308  • 
mm.  and  0.392  by  0.378  nnn.  There  are  ('.(>  goblets  jiresent,  which  ! 
measure  22  to  42  fi  in  diameter.  The  injured  !)ody  measures 
(mounted)  ('..c,  nim.  long  by  4.99  mm.  ijioad.  without  the  capituhnn,  ,; 
which  is  lost. 

B.  A.  I.  No.  42S8  contains  three  female  licks  collected  from  : 
KfjiiHs  cdhalhis  in  Davidson  (\)unty.  Tenn..  by  J.  C.  Drake.  .January 
11,  190(>.  Two  unmounted  specimens  nieasuiv  h.l'^  to  7.5  nun.  long. 
Oiu'  moinifed  specimen  measured  shows  a  scutum  1.4C)  nun.  long,  i 
The  stigmal  plates  measure  (1.190  by  0.120  and  0.190  by  ().:',;»!>  mm. 
On  one  |)late  there  are  103  goblets  measuring  24  to  .52  /x  in  diameter. 
'I'he  plates  agree  fairlv  well  with  those  of  9992.  l)ut  a<  mmmi  fiiiin  the 
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measurements  they  are  somewhat  larger.  In  absence  of  male  speci- 
mens the  specific  determination  is  at  present  provisional,  but  I  believe 
the  specimens  are  specifically  identical  with  9992. 

B.  A.  I.  4363,  collected  by  W.  B.  Lincoln,  January  18,  1906,  at 
Bellaire,  from  Equus  cahallns  (the  host  came  from  Oklahoma), 
agrees  fairly  will  with  Banks's  specimen  of  D.  nigrolineatus.  A 
stigmal  plate  of  a  (nymp?)  of  4363  is  shown  in  figure  25. 

Although  the  material  at  hand  is  not  in  very  good  condition,  the 
characters  given  in  the  specific  diagnosis  could  be  recognized. 

Salmon's   Dermacentor— DERMACENTOR   SALMONI   new   species, 
(Figs.  26-3G,  G5,  66,  79,  95,  96,  114,  115,  131,  1.32.) 
1901:  Dermacentor  reUculatus   (Fabricius)   of  Salmon  and  Stiles,  1901a,  448- 
4.52,  figs.  61,  169-177   [North  American  specimens  only]. — Banks,  1907, 
608    (as  syu.  of  D.  alhiiyictm)  ;  1908,  55.— Hunter  and  Hooker,  1907, 
November  2,  50. 
1910 :  D.  mJmoni  Stiles.  1910,  55,  figs.  26-36a,  65,  66.  79,  95,  96.  114,  115,  1.31.  1.32 
(type  host  Bos  taiirus,  in  Oklahoma  ;  type  U.  S.  P.  H.  &  M.  H.  S.  3191). 
Specific  mAG^osis.— Dermacentor  (p.  IS)  :    $,  young  and  replete  $  :    Caudal 
margin  very  bluntly  rounded,  anus  nearer  caudal  than  lateral  margin.     Color 
exceedingly  variable,  very  light  to  very  dark   [when  alive.  No,  3179  changed 
color  while  being  drawn,  see  figs.  109-172  of  Salmon  and  Stiles.  1901a].     Dor- 
sum :  Eyes  rather  distinct.     Scutum  well  provided  with  rust ;  punctations  large 
and  small.     Venter:  Genital  pore  surrounded  by  numerous  hairs,  especially  in 
male.     Anal  ring  nearly  circular;  in  specimens  mounted  under  pressure,  224 
to  .368/.  in  longitudinal  by  288  to  385  m  in  transverse  diameter.     Stigmal  plates 
with  or  without  dorso-lateral  prolongations;  aperture  (macula)  rather  elongate, 
not  strikingly  large:  goblets  about  .50  to  100  in  number,  26  to  So fi  in  diameter, 
closely  set  and  occupy  nearly  entire  surface  [these  goblets  correspond  to  the 
large  wart-like  punctations  shown  in  figs.  176-177  of  Salmon  and  Stiles,  1901a]  ; 
slightly  deeper  focus  shows  a  finer  structure  of  somewhat  reticulate  appearance, 
represented  by  the  middle  layer  [and  corresponding  to  the  finer  punctations  in 
figs.  176-177  of  Salmon  and  Stiles.  1901a]  ;  in  some  parts  of  the  plate,  especially 
near  the  margin,  these  fine  circles  are  visible  at  the  same  focus  which  shows 
the  goblets,  especially  when  the  plate  is  slightly  curved:  the  meshes  vai-y  in 
size  and  shape  but  may  attain  8.8  to  17.6 ^  iu  diameter;  the  deeper  pores  (stems 
of  goblets)  are  about  8.8 /x  in  diameter;  as  focus  is  raised,  these  circular  canals 
assume  a  conpressed,  slit-like  outline.     Capitulum :  Postero-lateral  projections 
short.     External  article  apparently  with  either  two  or  three  teeth,  the  terminal 
tooth  exoeedinglv  minute,  and  apparently  sometimes  lacking,  at  least  not  visible, 
the  subterminal   tooth   larger,   proximal   tooth   largest.     Hypostome,   each  half 
with  small  subterminal  denticles,  followed  by  three  rows  of  strong  denticles. 
followed  proximallv  by  smaller  scale-like  denticles.     Palpi,  article  1  triangular 
to  nearly  quadrangular  ventrally,  with  two  to  four  veutro-median  marginal 
bristles-  article  2  with  four  to  eight  such  bristles;  article  3  slightly  broader 
than  long,  its  aiiex  verv  blunt  so  that  the  article  may  appear  almost  quadrangu- 
lar •  a  few  subterminal  and  terminal  bristles  present:  dorso-retrograde  prolon- 
gation indicatiMj  on  postero-median  margin.     Legs:  The  lateral  spur  on  coxse 
I  may  be  slightlv  l<.nger  than  the  median  spur;   lateral  spur  of  coxa?  II-IV 
imnsnally  sh.np :"  trcchanter   I   with  dors.-distal  rather  prominent  retrograde 
spur;  terminal  spur  on  tarsi  I-IV  usually  well  developed. 
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Male. — Length  4.1  to  5.7  mm.  long  (exclusive  of  hind  legs)  ;  greatest  breadth  j 

2.3  to  3.6  mm.,  near  stigmal  plate.     Body  rather  oval,  sides  (unmounted)  de-  i 

cidedly  convex ;  0.96  to  1.12  mm.  broad  at  scapulse.     Dorsum :   Scutum  covers  i 

entire   dorsum    (except   capituluni)  :    scapuhe  project  0.16   to   0.32   mm.   from  j 

border  of  excavation;   cervical   and  marginal   grooves  distinct:   p.seudo.sc-utura  j 

not  at  all  prominent:   scutum  deep  reddish  brown,  usually  concealed  for  the  i 

most  part  by  a  silver  white  metallic  rust  with  rose  and  green  tinges:  when  rust  i 

is  pronounced,  there  remain  a  number  of  reddish  to  brown  spots  more  or  less  i 

syujuietrically  i)laced:   the  most  prominent  are:    (a)    Four  elongate  sjiots  ar-  ' 

ranged  in  a  semicircle  or  nearly  so  and  running  longitudinally;   (b')  two  eloa-  j 

gate  lateral  spots  posterior  of  these,  one  on  each  side;  (b")  a  dark  median  .si)ot  ' 

between,  on  same  plane  as  b'  and  covering  foveohe;   (c)   an  elongate  median  j 

spot  and   two  elongate  snbmedian   spots;    (d)    the   forked   sjiot   may   l)e  very  j 

prominent;  several  dark  spots  may  be  present  in  the  postero-lateral  festoons;  ' 

nunienms   punctations   present,   with   hairs.     Marginal   groove   rather  distinct. 

FovcdliP   about   at   eriuator.   and   measuring  fi4   to   112 /i   in   diameter,     \enter:  i 

Ventral  surface  with  hairs  and  ituiutations  which  are  noticeably  more  numerous  i 

around  genital  pore.     (Jenital  pore  between  cox:e  II.     Stigmal  plates  0.r»lK  to  i 

0.714  mm.  long  l.y  <».2'.>4  to  0.406  nim.  broad:  goblets  may  attain  61  in  numl)er  j 

and  26  to  73  m  in  diameter.     ('ai»itulum  :  Length.  0.4S0  to  0.640  nun.  dorsally,  \ 

O.SO  to  0.S06  mm.  ventrally;  base,  0.4S  to  (».."<;  nun.  broad,  only  about  half  as  < 

long:   postero-lateral   projections  may  alt.iin   llLV   long.     Mandibles:  (».siMi  to  j 

1.0.">6  nun.  long;  digit,  120 /x;  dorsal  proce.sj-  of  internal  article  elongated  trans-  : 

versely.  with  two  well-developed  visor-like  ridges.     Ilyiu.stome  with  numerous  ,i 

snliterniinal  minute  denticles  which  extend  an  unusual  distance  |»roxinially  in  \ 

nn-dian  lin<':  about  seven  to  eight  large  denticles  in  each  row.  followed  by  scale-  \ 

like  denticles.     Each  palpus  400  to  ,".76  ft  long.  224  to  320  ^  broad:  article  1  ( 

nearly  (jnadrangular,  with  two  to  four  ventro-median  bristles:  article  2  with  .  I 

five  to  six,  article  3  with  three  to  four  bri.stles  on  ventro-median  margin.     Legs:  i 

CoxiP  IV  large,  of  two  types,  the  caudal  margin  may  extt>nd  to  i)lane  of  caudal  i 

margin  of  stigmal  plate.  I 

/'V»(rt/r.— Dor.sum  :  Scutum  1..32  to  2.03  nun.  long  in  median  line:  L.376  to  1.S4  i 

mm.  broad  at  lateral  angles;  decidedly  eniarginate  anteriorly;  scajiuhe  iir(»j«>ct  i 

about  (t.24  to  n.;;.-,ii  nun.  from  border  of  eniargination  ;  breadth  of  scutum  at  sliotil-  | 

ders  (unmoinited)  L(»  to  L2.s  nun. ;  from  shoulders,  t lie  sides  of  the  scutum  diverge  ' 

hi  ii  somewhat   irregularly  curved  or  in  :i    marly  straight   line  to  the  lateral  || 

angles,  then  converge  in  a  straight  or  irregular  line  to  the  blunt  postero-lateral  \ 

angles,   when  they  change  direction,  converging  more   rai»idly  to   the  bluntly  ' 

rounded   posterior  angle;   the  postero-lateral   angle  may  be  effaced.     Cervical  | 

grooves    may    be    rather    pronounced,    diverging    .-interiorly    and    posteriorly 

from  a  transver.se  plane  passing  througli  the  eyes;  they  are  rather  (hH'p  ante-  ' 

riorly,     sh.illow     and     broad     po.steriorly ;     they     divide     scutum     into     three  \ 

distinct    longitudinal    areas;    surface   of   scutum    provided    with    a    mnnber   of  ' 

more   or    hw    uniformly    distributed    fine   jmnctations,    each    bearing   a    short  ' 

bristle    or    hair;    on    slightly    deei>er    focus    they    .show    aLs<.    a    number    of  " 

larg(>r     structures    composed     of     more    or     less     circular     spots,    aitpjirentiy  j 

forming   the    insertion    of   muscle   libers.      Lyes   light    or  dark,    rather    la-omi-  ^ 

neiit.   at    lateral   angles:    rust    well   distrilmted.    !»ut    absent   at    lateral    .angles  j 

and  in  grooves;  rust  may  also  be  absent  from  a  porti(tu  of  median  line  and  fnmi  j| 

a  divergent  line  lalenilly  of  each  |iosterior  branch  of  cervical  groove.     I'm-overed 

|)ortion  of  dorsum  shows  co.ar.ser  and  finer  iiunctafions.  witii  Iniirs.  a  distinct  ' 

niedi.in  and  two  subniedi;in  furrows;  short  furrows  may  appear  antero-laterally  \ 

of  snbniedian   furn.ws;   m.-irginal   furrow  not  distinct.     Foveohe  round  to  oval, 

64   to  111  ^l  in  diameter.     Venter:  I'unctatious  and  line  hairs  present,  genital  : 
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grooves  run  convex  (laterad)  caiulally  to  a  point  slightly  caudad  of  plane  of 
coxge  IV,  then  tliey  diverge  toward  the  lateral  margin ;  median  ix)stanal  groove 
distinct  in  unmounted  specimens.  Stigmal  plates  0.539  to  0.840  mm.  long; 
0.416  to  0.602  mm.  broad;  dorso-lateral  projections  short  or  absent;  goblets 
attain  about  70  in  number  and  26  to  85  /a  in  diameter.  Capitulum:  0.608  to 
0.768  mm.  long  (dorsally)  ;  base  0.608  to  0.704  mm.  broad;  230  to  320  m  long 
from  posterior  margin  to  plane  over  palpi ;  dorso-lateral  angles  not  very  promi- 
nent, project  48  to  80  m,  blunt;  porose  areas  deep,  distinct  and  round,  but  in 
one  specimen  they  meet  in  median  line.  Mandibles  attain  0.8  to  1.13  mm.  in 
length,  digit  128  to  144  fi ;  dorsal  process  apparently  bidentate,  with  base  near 
terminal  extremity.  Smaller  anterior  denticles  of  hypostome  confined  to  smaller 
area  than  in  male,  may  be  nearly  absent;  seven  to  ten  large  denticles  in  each 
longitudinal  row,  continued  proximally  by  scales;  tirst  transverse  row  of 
large  denticles  may  be  somewhat  irregular  and  may  show  four  teeth.  Palpi 
0.448  to  0.608  mm.  long  by  0.240  to  0.324  mm.  broad;  dorsal  retrograde  pro- 
jections small;  article  2  about  as  broad  as  long;  article  3  broader  than  long; 
its  apex  blunt  so  that  it  appears  almost  quadrangular  dorsally;  article  1  tri- 
angular ventrally,  with  three  to  four  bristles;  article  2  with  four  to  eight 
bristles;  article  3  with  two  to  three  bristles.  Legs:  Cox:e  diverge  I  to  IV;  lat- 
eral spine  of  coxa^  I  may  attain  256  ii  kmg;  ventral  margin  of  protarsus  and 
tarsus  II,  femur,  tibia,  protarsus  and  tarsus  III,  and  tibia,  protarsus,  and  tarsus 
IV  may  have  small  knobs. 

Replete  female.-^Mixy  attain  17  mm.  long  by  12  mm.  broad.  Form  varies 
with  degree  of  repletion;  legs  I  are  lateral  of  scutum;  from  here  body  in- 
creases rapidly  in  breadth,  reaching  a  maximum  at  about  coxse  IV ;  there  may 
be  a  constriction  at  plane  of  the  feveolie  or  at  stigmata;  posterior  margin  is 
very  bluntly  rounded,  so  that  anus  may  be  nearer  posterior  than  lateral  margin. 
(See  Salmon  and  Stiles,  1901a,  figs.  171-172).  Foveolre  slightly  preequatorial. 
Color  is  exceedingly  variable;  live  specimens  may  change  color  w^hile  under 
observation,  especially  if  background  is  changed;  live  specimens  may  be  whitish 
to  creamy  color  to  a  greenish  or  brown ;  alcohol  specimens  may  be  greenish  to 
brown  or  even  black.  Dorsum :  Dorsal  surface  may  show  two  prominent  longi- 
tudinal grooves,  diverging  slightly  caudad  and  interrupted  just  caudad  of 
foveolse ;  a  median  groove  extending  from  near  foveolse  about  to  anus.  Venter : 
Vulva  may  shift  slightly  forward  of  cox:e  II  or  even  to  plane  of  spines  on 
coxae  I ;  genital  and  anal  grooves  prominent.  Legs :  Coxje  I-IV  diverge 
markedly. 

Nymph.— A  nymphal  skin,  about  4.5  mm.  long,  shows  a  stigmal  plate  192  by 
152  At,  with  17  goblets. 

Type.— B.  A.  I.  3179. 

Hosts.— Horse  (Equus  cahaUusi)  in  Tennessee;  cattle  (Bos  taunt.^)  in  Okla- 
homa; collected  also  in  Montana,  and  (?)  Oregon. 

Salmon  and  Stilas  (1901a,  448-452,  figs.  Gl,  1G9-177)  confused 
%vith  Dermacentor  reticulatus  of  Europe  certain  American  ticks  which 
prove,  from  a  study  of  the  stigmal  plates,  to  be  distinct  from  the 
European  form. 

B.  A.  I.  2998  (see  fig.  170  of  Salmon  and  Stiles,  1901a)  consists  of 
five  mounted  specimens,  one  male,  four  females,  none  in  very  good 
condition.  They  were  taken  from  Bos  tauruH;  locality  unknown; 
determined  by  Banks  in  1898  as  I),  osfriatus;  determined  by  Stiles 
in  1901  as  D.  retlridatus.     The  stignuil  plates  are  quite  distinct  from 
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those  of  D.   cariegatus  and  of  D.  n'lgroJineatus.     They  present  the 
following  measurements  in  mm. : 


Stigmal  plates. 

Body. 

Size  of  scu- 
tum. 

Breadth 

of  base 

ofcapitu- 

lum. 

Remarks. 

Male:  0.714  X  0.490 

Mounted,  pressed. 
Do. 
Do. 
Do. 

Female:  O.60K  X  0.420;  0.616  X  0.420 

ca.  12  X  10 

ca.  10  X    8 

6.6  X  4.86 

ca.  11  X    7 

(?) 
1.68  long. 
1.466  X  1.376 
1.328  X  1.42 

a  576 
.784 
.640 
.688 

Keiiiale:  0.658  X  0.304 

Female:  0.623  X  0.448 

Female:  0.539  X ;  0.574  X  0.364 

There  is  a  very  slight  tendency,  both  in  the  male  and  in  the  female, 
to  the  formation  of  a  dorso-lateral  projection.  The  goblets  (hg.  27) 
ma}'  attain  71)  in  numl)er  and  3-2  to  80  /x  in  diameter.  The  trochanter 
has  a  dorso-distal  retrograde  spur. 

U.  S.  P.  11.  &  M.  II.  S.  9724  contains  two  specimens  (one  male,  one 
female),  collected  in  Montana  by  Maj.  P.  M.  A.shburn,  U.  S.  Army; 
host  is  not  given  (horse  ?)  ;  they  possess  certain  striking  resemblances 
to  21)98,  yet  certain  ditferences  are  noticed.  Whether  tliese  diHer- 
ences  are  of  specific  value  or  individual  variations  can  not  be  deter- 
mined at  present  because  of  paucity  of  material.  The  following  are 
the  measurements  in  mm.: 


stigmal  plates. 

Body. 

Size  of  scu- 
tum. 

Breadth 

of  base 

ofcapitu- 

lum. 

Remarks. 

Mounted,  pressed^ 
Do.                i 

Male-  0.518  X  0.378;  0.518  X  0.378 

4.129  X  2.331 
4.928  X  2.797 

a480 
.688 

Female:  0.644  X  0.476;  0.644  X  0.476 

1.84  X  1.84 

The  striking  difference  to  be  noticed  is  the  regularity  of  outline  of 
the  male  plate  as  compared  with  that  of  2998;  the  female  plate  agrees 
more  closely  with  that  of  2998.  In  number  the  gol)lets  are  U\  to  58 
in  tiie  male  and  51  to  55  in  the  female  and  30  to  85  /n  in  size.  Figures 
28-34  show  the  two  pairs  of  stigmal  ])lates  from  two  specimens  and 
indicate  that  we  have  here  a  species  which  may  exhibit  considerable 
variation. 

B.  A.  I.  3179  (compare  figs.  1(;9-172  of  Sahnon  and  Stiles.  1901a) 
contains  four  mounted  specimens  of  fragments  of  thr(>e  females;  they 
were  collected  from  Has  taurus  in  Oklahoma  by  W.  F.  Cantalow:  de- 
termined by  Stiles  in  1901  as  D.  icficiddfi/s.  They  appear  to  agree 
with  2998.    The  measurements,  in  millimeters,  are  as  folh)Ws: 


Stigmal  plates. 

Boily. 

Size  of 
scutum. 

Breadth 

of  capll- 

uluni. 

Remarks. 

Female:  0.(')72X0.5('iO;  0.686X0.560 

2.03X1.76 

0.752 

Mounted,  pressed* 

Female:  0  (iKiXO  518;  0  630X0  518                .  . 

ca.  6X5 
ca.  8X6 

Do. 

Female:  $0.840X ;  $0,800X0.608      

Do. 

ik 
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This  material  is  not  very  satisfactory,  but.  despite  the  large  stigmal 
plate  in  one  specimen,  it  is  impossible  at  present  for  me  to  distinguish 
between  these  ticks  and  2998.  Figure  26,  from  this  material,  shows 
78  goblets,  26  to  65  fx  in  diameter. 

B.  A.  I.  3206  contains  two  mounted  and  twelve  unmounted  females, 
collected  by  Doctor  Steddom  from  Equus  cahallus  at  Nashville,  Tenn., 
February  27,  1901.  Here  again  the  general  agreement  of  the  plates 
with  2998  is  very  striking,  despite  certain  pronounced  differences. 
Still,  as  the  plates  on  the  two  sides  on  single  mounted  specimens  vary 
one  from  the  other,  it  does  not  seem  altogether  justified  to  consider 
the  form  distinct  from  2998.  The  millimeter  measurements  of  the 
mounted  specimens  are  as  follows : 


Stigmal  plates. 

Body. 

Length  of 
scutum. 

Breadth 

of  capit- 

ulum. 

Remarks. 

Female'  0  616X0  504"  0  616X 

ca.  14X12 

Mounted,  pressed. 

Female'  0  630X0  462               

Do. 

i 

The  goblets  are  about  71  in  number  and  vary  from  28  to  48  /x  in 
diameter.  A  gravid,  unmounted  female  attains  about  17  mm.  in 
length  by  12  mm.  in  breadth. 

U.  S.  P.  H.  &  M.  H.  S.  10003,  collected  by  Dr.  E.  C.  Stevenson, 
contains  four  males  and  one  female  presenting  the  following  measure- 
ments in  mm. : 


Stigmal  plates. 

Body. 

Size  of 
scutum. 

Breadth 

of  capit- 

ulum. 

Remarks. 

Male:  0  588X0.336  

5.43X3.19 

5.46X3.26 
5. 72X3. 66 
5.66X2.79 
5.06X3.19 

0.576 

.576 
.640 
.608 
.768 

Mounted,  pressed. 

Male- 0  602X0  322-  0  602X0  280         .           

Do. 

M-ile-  0  638X0  304-  0  700x0  294 

Do. 

Male-  0  700X0  350-  0  672X0  406 

Do. 

Female:  0.560X0.420;  0.560X0.420 

1.696X1.680 

Do. 

These  specimens  present  very  marked  variations  among  themselves 
and  when  compared  with  the  other  specimens  listed  here.  The  female 
plate  agrees  fairly  well  with  2998,  but  the  male  plates  are  quite  dif- 
ferent, being  of  a  much  more  elongate  pattern.  Figure  36  shows  a 
plate  with  61  goblets  measuring  30  to  60  /x  in  diameter.  The  variation 
in  form  and  size  of  coxa^  IV  of  the  males  is  very  striking. 

The  follow^ing  specimens  have  been  examined: 
B.  A.  I.  2098.  Host  Bos  tauruR;  loe.   ?    ;  1898;  deternuned  by  Banks.  ISOS,  as 

Dcrmaccntor  5-striatUfi ;  determined  by  Stiles,  1901,  as  D.  reticuhitus. 
B.  A.  I.  3179.  Host  lios  iauru.s;  Olvlahouia  ;  collected  by  W.  F.  Cantalow :  de- 
termined by  Stiles,  1901,  as  /).  rcticulatus. 
B.  A.  I.  3020.  Host  Equus  cabaUus;  Nasbville,  Tenn.;  collected  by  Sttxldom,  Feb- 
ruary 27,  1901, 
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IT.  S.  P.  H.  &  M.  H.  S.  9724.  Host—  ? ;  Montana  ;  collected  by  Maj.  P.  M. 

Ashburn,  U.  S.  Army.  ; 

U.  S.  P.  II.  &  M.  H.  S.  0750.  Male  and  female  from  U.  S.  National  Museum  :  bears  i 

the  label  "  Ixodes  orcgoncnsis."  but  without  further  data.  j 

U.  S.  P.  H.  &  M.  H.  S.  9769.  Belongs  to  U.  S.  National  Museum,  orijriual  No.  | 

1348;  no  further  data. 

U.  S.  P.  H.  &  M.  H.  S.  10003.  Received  from  Dr.  E.  C.  Stevenson.  ! 

In  the  specimens  just  listed,  we  evidently  have  dennaeentors  which  i 

a^ree  very  closely  in  respect  to  their  goblets,  scuta,  and  base  of  cajDitu-  i 

Inni.  The  outline  of  the  stigmal  plate  varies  exceedingly,  its  size  mml-  1 

erately.    In  order  to  determine  whether  these  variations  are  individ-  i 

uar  or  specific,  it  is  desirable  to  have  a  large  number  of  .specimens  \ 

taken  from  one  host  animal.     At  j)re-^ent,  despite  the  variations  men-  ' 

tioned,  I  do  not   feel   justihed  in  separating  the  forms  into  distinct  i 

species,  although  it  seems  very  possible  that  lOOO:')  may  eventually  be  I 

sei)arated  out  as  a  distinct  sy.stematic  unit.  i 

The  original  determination  of  P.  icf'/culdtiis  for  this  species  was  i 

based  iipou  si)ecimens  found  in  the  collection  of  the  Bureau  of  Animal  | 
Industry.     Later,  they  were  recognized  as  distinct.     Banks   (1907,  J 

GO.S),  on  basis  of  the  ligure  Salmon  and  Stiles  (li)Ola,  fig.  177)  pub-  i 

lished  of  the  stiguial  plate  identified  the  form  with  I).  rarie(/atii,s=  \ 

I),  iilhlplctuti,  but  ill  this  he  has  l)een  led  into  error.                                   ;  ' 

^  I 

I 

DERMACENTOR  ALBIPICTUS  Packard,  1869  sen  VARIEGATUS  Marx.  1897.  ' 

(Figs.  .''h-MM,  (;7.  CS.  so.  <t7.  9S.  lie.  117.  1. •',:',.)  11 

ISnS:  The  Mnnar  Tick  Hays  and  I'iioUard.  iscs.  Docembor.  ">">!).  tig.  In-e  (on  the  i 

Moo.se;  Nova  Scotia). 

IHCtU:  Dcrmacrulor  ulhipictiis  I'acU.ird,  isc'.t.  (■((;:J Cd;; ;  is( ;;».;!(;."(  ;;(;(;.  i 

1S97:   />.  rdiui/atii.s  M:\i\  nnd  Neumann,  in  Neumann.  l.s!»7a.  ;!(!7-370.  :\s:\,  tigs,  j 

2-J-24  (tyiie  locality  V.  S.  A.).— Salmon  and  Stiles.  19()la.  4rt2-4.>4,  figs.  J 

I7S-1S.-.  , 

liauks  (l'.»()7.  COS)  ha>  ideutilicd  /K  rdrhc/dfus  with  D.  dlh/picfiis.  ' 
lie  tells  me  (hat  he  has  examined  the  type  of  both  and  that  there  is  ' 
no  ((uestion  regarding  their  identity.  On  his  authority  they  are  here  j 
accepted  as  synonymous.  He  also  considers  " />.  nticiilatux""  of  Sal- 
mon and  Stile-  as  belonging  to  the  same  species,  but  as  will  be  shown  i 
in  (his  pajK'r  1  can  not  coiu-ur  with  him  in  this  view.  I 

The  specimens  used  as  basis  for  the  present  discussion  of  />.  alhi-  \ 

j/iitiis  are  />.  rarief/aftix.  \ 

Si'ixiKic  DiAciNosis.— />fT»/«/fr/i/f/r  (p.  IS)  :    S  nnd  .vonng  9  :   Caudal  margin 
very  blunt,  anus  being  nearer  iiosterior  than  lateral  margin.     Color  re<l  to  deep 

reddish  l)rown.  j'.xcept  for  rust:  caiiilulum  and  legs  lighter.  Dorsum:  Eyes  not  i 
\ery  prominent.  Scutum  inominently  emarginate  ce|thalad;  rather  well  pro- 
vided with  whitish  rust,  wliicli  varies  considerably  in  dilTereut  specimens:  pnnc- 
lations  and  iiairs  uumenms.  \'enter:  (Jt-nital  jiore  surroundtnl  by  numerous 
hairs,  especially  in  male.  Ami!  ring  nearly  circular.  :V2ii  fi  long  liy  ."{CS^  broad. 
Stigmal  plates  may  be  aliont  as  large  as  femah-  coxa>  IN'  :  with  or  without  short 
dorst.-lateral   prolongation;    api-rture   rather   i»rondnent  :    goblets   large,    rather 
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irregular  in  outline,  lOS  to  126  in  number,  8  to  59  fi  in  diameter,  closely  set  and 
occupy  nearly  or  quite  entire  surface  (see  also  Salmon  and  Stiles.  1901a,  figs. 
184.  185)  ;  meshes  of  middle  layer  about  8/*  in  diameter;  stem  of  goblets  about 
Sfi\n  diameter,  circular  on  lower  focus,  but  compressed,  slit-like  on  higher  focus. 
Capitulum  :  Postero-lateral  projections  of  base  SO  to  124  ,i  long,  blunt.  External 
article  with  three  teeth,  the  proximal  tooth  large,  next  distal  tooth  smaller, 
(llsal  tooth  apical  and  often  scarcely  visible.  Hypostome,  each  half  with  an 
unusually  large  number  of  small  subterminal  denticles,  followed  l)y  three  rows 
of  strong  denticles,  followed  proximally  by  small  scale-like  denticles.  Palpi, 
article  1  nearly  quadrangular  veutrally.  provided  with  four  to  five  ventro- 
marginal  bristles;  article  3  slightly  broader  than  long,  its  apex  somewhat 
rounded,  a  few  dorso-terminal  and  terminal  bristles ;  dorso-retrograde  prolonga- 
tions of  article  2  indicated  on  postero-median  margin.  Legs :  The  lateral  spur 
of  coxa;  I  slightly  longer  than  the  median ;  hiteral  spurs  of  coxte  II-IV  unusu- 
ally sharp;  trochanter  I  with  a  dorso-distal  rather  prominent  retrograde  spine; 
terminal  recurved  spur  on  tarsi  I-IV  well  developed. 

J/a7e.— Length  6.5  mm.  (exclusive  of  hind  legs;  with  hind  legs  outstretched, 
about   8   mm.);    greatest   breadth  4.3    mm.     Body    subtriangular ;    unmounted 
specimens  1.12  mm.  broad  at  scapulse.  specimens  mounted  under  pressure  may 
measure  up  to  1.2  mm.  at  this  point ;  the  sides  diverge  from  here  in  nearly  a 
straight  or  in  a  curved  line  until  they  reach  their  maximum  divergence  about 
at  stigmal  plate.     Dorsum:  Scutum  covers  entire  dorsum  (except  capitulum)  ; 
scapulie  project  0.40  to  0.48  man.  from  border  of  excavation;  cervical  groove 
very  deep  anteriorly,  marginal  groove  distinct;  scutum  deep  reddish  brown,  well 
provided  with  rust;   pseudoscutum   usually  (luite  prominent,   extending  about 
0.35  of  length  of  scutum  in  median  line;  the  most  prominent  reit  spots  back  of 
pseudoscutum  are:    (a)    Four   elongate   spots  arranged   radially   or  nearly  so 
from  caudal  margin  of  pseudoscutum;   (b)   two  elongate  spots  back  of  these, 
one  on  each  side  of  the  scutum;  (c)'  an  elongate  median  and  two  elongate  sub- 
median  spots;   (d)  forked  spot  very  prominent;  spots  also  present  on  postero- 
lateral margins;  nnmei-ous  minute  punctations  and  some  slightly  larger  punc- 
tations.  wilh  hairs  present.  .  Foveohe  about  in  equator  of  scutum  and  measur- 
ing 06  /x  in  diameter.     Venter:  Ventral  surface  finely  punctate  with  numerous 
minute  white  hairs,  noticeably  more  numerous  and  larger  punctations  around 
genital  pore.     Genital  pore  between  coxie  II.     Stigmal  plates  0.688  to  0.848  mm. 
long   (through  the  aperture);  breadth  of  plate   (including  prolongation  when 
present)   0.48  to  0.683  mm.;  goblets  attain  126  in  number  and  15  to  5!)  /i  in 
diameter.     Capitulum:  0.700  to  0.816  mm.;  base  0.688  to  0.80  mm.  broad,  and 
0.36S  nun.  long  from  posterior  margin  to  anterior  margin  over  palpi ;  postero- 
lateral projections  rounded.  128  fi  long.     Mandibles  1.1  to  1.2  mm.  long;  digit 
185  /jl:  dorsal  process  of  internal  article  elongate  transversely  in  two  nearly 
parallel  ridges  like  two  visors  of  a  cap.     Hypostome  with  six  to  eight  large 
denticles  in  each  row.     Talpi  0.56  to  0.672  mm.  long,  each  palpus  0.32  to  0.,352 
niiu.  in  maximum  breadth;  shorter  than  in  female,  especially  article  2;  article 
2  with  six  to  seven  ventro-meilian  bristles;  article  3  with  three  to  four  ventro- 
I    median  bristles.     Legs:  Coxa;  IV  large,  the  caudal  margin  attaining  plane  of 
caudal  margin  of  stigmal  plate,  the  median  margins  nearly  parallel  for  some 
distance;  ventral  spurs  or  knobs  may  be  present  on  tarsus  I,  protarsus  and  tibia 
11.  and  especially  on  femur,  tibia,  protarsus.  and  tarsus  IV:  tarsi  II  to  IV  with 
subterminal  spur. 

/,Vm«/c.— Dorsum  :  Scutum  1.776  to  2.128  mm.  long  in  median  line;  1.8  to 
1.9  mm.  broad  at  lateral  angles;  very  prominent  because  of  size  and  rust; 
scapulije  project  about  0.468  nun.  from  border  of  excavation;  from  shoulders 
sides  of  scutum  diverge  in  rather  strongly  convex  line  to  lateral  angles,  then 
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converge  in  straight  or  somewhat  convex  line  to  postero-lateral   angles,  then  ; 

they  c<mverge  more  rapidly  to  the  bluntly  rouncUnl  posterior  angle.     Cervical  > 

grooves  diverge   anteriorly   and    posteriorly    from    plane   passing   through    the  i 

eyes,  deeper  anteriorly,  not  especially  broad  posteriorly;  eyes  at  lateral  angles;  j 

I)unctati()ns   tine  and  numerous;   color   light  brown   with   thin   white  rust   of  i 

s^lightly  metallic  effect  and  leaving  exposed  a  median   longitudinal  band,  the  ; 

cervical  grooves,  ;\  small  band  laterally  of  posterior  branch  of  grooves,  and  a  i 

distinct    brown    spot    median    of   eyes.     Uncovered    portion    of   dorsum    shows  i 

numerous  punctations  with  hairs,  a  distinct  median,  two  subnu'dian.  and  well  ! 

marked  marginal  grooves;  additional  grooves  may  appear  between  submedian  i 

and   marginal   grooves.     Foveoia*   round  to   oval,   12.S   to   144   /i   in   diameter,   a  | 

short  distance  caudad  of  scutmii.     Neuter  :  Numerous  punctations  and  tine  hairs  < 

present;   genital   grooves   run   subparallel   to  a    point  about   midway   between  ( 

coxie    IV'    and   anus,    whence   they   diverge   markedly    toward    lateral    margin.  I 

Stigmal  plates  0.73tJ  to  0.7.S4  nun.  long  by  (>.(>4  to  0.70  mm.  broad :  goblets  S  ta  \ 

4'J  M  ill  diameter,  may  attain  l(»s   (in  nymith  14)   in  number.     Capitulum:  0.8  ! 

to   1   nun.  long:  base  0.7(»S  to  O.S  nun.  broad:  O.iiss  mm.   long  from  posterior  I 

margin  to  anterior  margin  over  palpi;  postero-lateral  prolongatitdis  so  ^:  porose  > 

areas  deej),   roundish   to  rather  oval,  diverging  anteriorly.     Mandibles  attain  I 

l.lis  to  1.42  nun.  long:  digif  ISO  /x  long:   internal  apophysis    (dorsal  iinn-e.ss)  i 

distinctly  tridentate,  the  median  tooth  .shortest.     Smaller  anterior  denticles  of  i 

hypostome   numerous;    nine   to   ten    large  denticles   in   each    row.     Palpi    may  ! 
attain  0.7<W  mm.  ventrally,  by  256  to  320  fi  broad,  not  extending  laterally  of 
base  of  capitulum:    article  2   longer  than   broad:   dorso-retrograde   pro.iet'tion 

small:  article  .3  slightly  broader  than  long,   its  apex  rounded:  article  1   with  1 

seven   ventro-median  bristUs;   article  2  and  with   nine  ventro-median  bristles;  ' 

article   .'{   with    three   ventro-median    bristles.     Legs:    Coxa'   diverge    II    to    IV;  | 

lateral  spine  of  cox;o  IV  may  attain  .'520  fi  long;  ventral  margin  of  tibia  and  | 

tarsus  II,  femur,  tibia,  protarsus  and  tarsus  III,  and  tarsus  IV  may  havt>  small  j 

knobs.  I 

Vouiiil  frmnlc. — I^ength  '>.'>  to  C.  mm,  (exclusive  of  bind  legs:  with  bind  legs  j 
extended    may    attain   s   mm.):    greatest   breadth   .".   nun.      I'.ody    ratlier   siibtri- 

angul.ir.  depresse*!,  sides  may  be  nearly  straight   ;ind  neai'ly  paralk'l  for  some  ^ 

distance:   nninoimted  specimens  1.2S  mm.  broad  at  scapnhe,  sp«>cimens  mounted  , 

under  pressure  may  attain  1.2S  mm.  at  this  point;  the  sides  div«Mge  from  here  , 

to   the   maxinnnn   breadth    about   at    coxa*    IV    or   at   stigmal    plate.     I>orsum:  1 
Scutum  covers  about  0.4(»  of  l^ngtii  of  !)()dy  (exclusive  of  head)  :  eyi's  distinct 

but  not  i>rominenl.     \'enter:   \iiiva  between  cox.e  II.  I 

h'citlrtr  friiKtIc. — May   attain    17    nun.    long  by    Id   nun.   liroMd.      I'onii    \aries 

with  degree  of  repletion.  i 

A //»»////. — Length  ."•  tn  c^  mm.  :   brendih  :;   to  ;;..'i  mm.;   sides  nearly   ii.irallel;  , 

both  ends  bluntly    ronnde<l:   anus  nearer   !;iter.il    Ibaii    posterior   margin.      (Job-  i 
lets  al)out  14  in  number. 

'Pvn-.  -Type-specimen    of    It.   nlhiiiirliis    is.    teste    I'.anks.    in    the    Museum    of 
Comparative  Zoology. 

Hosts. — Moose,  wapiti,  and  beaver.  ■ 

The  stipniiiil  plate  in  this  species  was  ficfiired  hv  Snhuoii  and  S(il(>s  ' 
{l!)01a,  fijrs.  1S4-1S.'))  from  sjx'ciinens  not  treated  with  canst ic  and  I 
the  fact  was  jxjinted  out  (hat  it  was  coarsely  punctate.  From  (he  new  ' 
point  of  view,  these  eoaisc  punctations  i'('|)resen(  tli(>  <rol)Iets. 

Tlie  (ii'st  refei'ence  to  the  moose  tick  ap|)ears  to  he  the  foHowin«r:        | 

Thr  imiosr  //cA.— On  the  l.'Uh  of  April  a    i>air  of  yoimg  moose  were  brought    ^i 

through  New  York  on  llieir  \v;ty  to  lOnrnpc.      I'liey  w(>re  raised  in   Nov.a   .Scotia,    ' 
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and  beius  very  tame,  \\'ere  allowed  to  run  at  large.  The  cow  moose  would 
ramble  off  in  tlie  woods,  and  while  there  had  become  infested  with  ticks ;  the 
bull  had  escaped  contact  with  these  insects.  When  the  cow  arrived  in  New 
York  her  sides  and  back  were  almost  covered  with  adult  ticks.  The  insects 
were  removed,  very  much  to  the  relief  of  the  animal,  and  the  ticks  were  placed 
In  a  bottle  without  food  or  water.  On  the  1st  of  May  they  commenced  to  lay 
eggs,  and  continued  to  do  so  until  the  25th  of  June,  when  they  died.  The  eggs 
are  forced  out  in  large  masses.  On  the  3d  of  July,  the  day  after  I  sent  the 
drawings  to  you,  the  entire  mass  of  eggs  seemed  to  hatch  out  at  once,  the  shell 
opening  like  a  clam,  and  releasing  a  six-legged  insect. — W.  J.  Hays. 

[The  specimens  sent  us  by  Mr.  Hays  are  very  interesting,  as  showing  that 
the  young  tick  has  only  three  pairs  of  legs  instead  of  four,  which  all  adult 
spiders  and  mites  (Arachnida)  possess.  This  is  a  strong  argument  for  the 
supposition  that  the  Arachnids  form  an  order  in  the  class  of  insects  and  not 
an  independent  class.  Figure  1  e  represents  the  adult  tick,  drawn  by  Mr.  Hays. 
The  six-footed  young  has  enormous  legs,  and  the  head  is  separated  from  the 
hind  body,  where  in  the  adult  it  is  sunken  in  the  thorax ;  d,  shows  the  claws, 
with  a  broad  sucking  disk  beneath,  enabling  it  to  adhere  to  objects.  On  the 
right  is  a  magnified  drawing  of  the  mouth  parts  of  the  young :  a.  is  the  labium, 
armed  with  hooks :  b,  the  maxillae,  probably,  also  armed  with  powerful  hooks : 
and  c,  the  mandibles.  Thus  armed,  the  young  tick  buries  itself  in  the  flesh  of 
its  victim.— Eds.]— Amer.  Nat.,  v.  2  (10),  1868,  p.  559. 

Packard  (1869,  September,  365;  1869,  662-663)  republished  the 
figures,  but  added  no  details  except  that  "  the  opening  of  the  oviduct 
is  just  behind  the  head,  between  the  anterior  pair  of  feet,  so  that 
the  eggs  appear  as  if  ejected  from  the  mouth." 

The  specimens  taken  as  basis  for  the  present  study  are : 

B.  A.  I.  3172.  Host  Wapiti  or  moose ;   Blue  Mountain,  New  Hampshire ;  deter- 
mined by  Stiles  and  Hassall,  1899,  as  D.  variegatus. 

Banks  has  examined  specimens  from  Adirondack  Mountains,  New 
York;  Michigan,  Nebraska,  Montana,  Idaho,  Nevada,  and  Washing- 
ton State. 

NITENS  GROUP. 

DERMACENTOR  NITENS  Neumann?  1897. 

(Figs.  40-43,  69,  70,  SI,  99.  100,  118,  119.  134.) 

1897:  Dcrmnccntor  nitem  Neumann,  1897a,  376-378,  fig.  28  (on  Equits  caballus; 
Jamaica,  also  Santo  Domingo).— Banks,  1908.  50-51,  pi.  7.  figs.  7,  10; 
(Jamaica.  Santo  Domingo,  Texas,  Haiti).— Salmon  and  Stiles,  1901a, 
455,  figs.  21.5-218   (Equus  cahaUiis;    Porto  Rico). 

The  peculiar  structure  of  the  stigmal  plates  of  this  species  was 
noticed  by  Neumann.  In  the  present  paper  it  will  be  sufficient  to 
show  illustrations  from  the  new  point  of  view  of  the  goblets  (see 
figs.  40  to  43). 

In  a  male  specimen  examined  the  goblets  were  five  in  number  and 
'  varied  from  43  to  88  fi  in  diameter.     In  a  female,  the  goblets  were 

six  in  number  and  varied  from  78  to  115  n  in  diameter. 
,      Banks    (1908,   p.   51)    reports  this  species  froui   Jamaica,   Santo 
Domingo,  Haiti,  Texas,  and  Arizona, 
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Aoarina " 11 

Aearu.s  i^iiyittius 14 

Acarus  cajennesis 14 

Acarns  reflexiis 13 

Acanis  reticiilatiis 14,  2S 

Acarus  ricinus ^ 14 

jegyptins   (Acarus) 14 

albipictus  (Dermacentor) 5,  6,  7.  21.  2.3,  24,  51,  dZk  00.  62 

alblpictus  (Ixodes) 31 

Amblyomma 12, 13, 14. 1.5, 16, 17, 18 

Auiblyuuiiueie 13, 14, 16, 17 

Aniblyouinuiiie 1^ 

aiiiericaiins  (I)ermacentor) 30,31,34,40.42.51 

andersoui  (Dermacentor) *^».  6, 

7.  8.  10.  20.  21.  22,  23.  25,  27,  82,  33,  34,  36,  40,  42,  45,  46,  48,  49,  50,  51 
aiiiuilatus  (Ixodes) 14 
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Auopli !-•  1-^- 15 

Aponoumia 12. 13, 14. 15. 17.  IS 

Arachnida H-  63 

Arfias 13, 15, 10 

Arj;as  saviguyi 13 

Argasidre H'  13. 15. 10 

Argasina? 1'^ 

Artiopli 14.  15 

bicornis  (Rliipicentor) \^ 

bifurcatus  (Dermacentor) 


Boopbilus- 


M 
13.  14.15 

cajennensis   (Acarns) 

Ceratixodes 1^-  ^''-  ^"^ 

concinna    (HiBuiapbysalis) 1"* 

!   Dermacentor . ^'  '^" 

j  7,  S,  0,  10, 11,  12, 13. 14,  15, 10, 17,  18,  10,  20,  23,  32.  36.  43,  48,  51,  55.  00 

j  Dermacentor  albipictus 5,  6,  7.  21,  23,  24.  51,  55.  60.  02 

'   Dermacentor  americauns 30,  31,  34,  40.  42,  .il 

Dermacentor  andersoni •'■ 

0.  7,  X,  10,  20.  21.  22,  23,  25,  27,  32,  33,  34,  3«}.  40.  42,  45.  4().  4s.  40.  .50,  51 

Dermacentor  bifurcatus . 23.24 

]  Dermacentor  electus •'. 

I  6.  7,  10.  21.  22,  23,  25.  20.  28.  20.  30.  31,  34.  36.  4(>,  42.  47,  48.  .50.  51 

{  Derm.-icontor  electus  iiarnmapertns 40 

Di'rmacentor  niin'olineatus 5,6,  7,  23,  24,  25.  28.  51.. 54,  55.  5.S 
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Dermacentor  nitens 5.  6.  7. 10.  22.  2o.  2.">.  ti3  ! 

Dermacentor  oecideiitalis-  5.  6.  7, 10,  21.  23,  24.  25.  26.  32.  34.  36.  40.  42.  44.  4r..  4!t,  51  : 

Dermacentor  pariiuiaiiertus 5,  6.  23.  24.  25.  27.  35.  45.  46.  47.  4n.  51  I 

Dermacentor  iiarumaiiertus  marginatus 5.  6.  7.  23,  25. 27.  47,  48.  .51  I 

Dermacentor  5-striatus 57.59  ( 

Dermacentor  reticnlatus 5.  G.  7.  S.  10.  I'.t,  20,  i 

21.  23.  26.  2S.  20.  30.  32.  34,  35,  36.  37,  42.  43,  45.  51.  55.  57.  5S.  50.  tM)  ; 

Deruiacciitor  reticnlatus  occidentalis 32.  34.  .35.  36.  44.  45  I 

Dermacentor  salmoni 5,  6,  7, 8, 10,  21,  22,  23,  24.  25,  28,  36,  37,  51.  55  i 

Dermacentor   5-striatus 57.  51)  I 

Dermacentor  varial)ilis 5.  6,  7, 10,  23,  24.  25.  2s.  2'.»,  47  i 

Dermacentor  variefiatns 5.  6,  7.  21.  23,  24.  27.  28.  37.  51.  54.  5s.  (id.  («  I 

Dermacentor  vennstus 5,  6,  23,  24,  25.  27.  35.  36.  40.  43.  44.  45.  46.  4.s.  51  \ 

electns  (Dermacentor) 5.6,  ; 

7,  10,  21.  22,  23.  25,  26,  28,  20.  30,  31,  34.  36,  40.  42.  47.  4s.  .5(1.  .",1  j 

electus  parumapertus  (Dermacentor) 46  j 

Eschatocephalns 12.  13.  14.  15  ' 

Escbatoce])halus  gracilipes 14  j 

gervaisi    ( Ixodes) 14 

gracilipcs    (  Escliatocephalus) 14 

IIuMiiaphysalis 12.  13.  14.  15.  17.  is.  20 

IlaMiiMpliysalis  concinna 14  j 

IIiemai)liysali.s  punctata 20 

Ilyalonnna 12.  i:!.  15.  ic.  17.  IS 

Ilyaloninia  puta 14 

Ixodie .- 1^ 

Ixo<le.e 13.  14.  U>,  U 

Ixodes 12.  13.  14,  15.  16.  17,  IS 

Ixodes  all)ii»ictus 

Ixodes  a  nil  n  la  t  us 

Ixodes  trervaisi 

Ixoiles  ni>iro]ine..tus 

Ixodes  oregonensis 

Ixodes  sjingn incus ^^ % 

Ixodes  transversa  lis 1 

Ixodes   variabilis 

Ixodid:e 12. 13, 14, 15, 16.  IS,  11 

Ixodin:e 13,  H 

Ixodoi(:ae._-.-        ..   11,12.13, 

Margaroims 1(5, 17, 1^{ 

Nemnanuiella 14.  1.5.  If! 

nigroliuealus   (Dermacentor) 5,  6,  7.  23,  24,  25.  28,  51.  51.  .5.5.  .58 

nigrolineatus    ( Ixodes) 5|« 

nit-M)s    (Dermacentor) .'3,  6,  7. 10.  22.  2.3.  2.5, 

occidentiilis  (Dermacentor) 

(J.  7. 10,  21.  23.  24,  25.  26.  32,  34,  36.  40,  42.  44.  45.  40.  ,5 

Onnn;ita ^  15^ 

orejronensis  (Ixodes) (iOI 

Ornithodonts 13.  15.  iSJl 

paruiuiipertus    (  Dermacentor) 5,  0,  23.  24.  2.5.  27.  .T..  4.5.  46.  47.  4S.  ,5l^ 

pariiniiipertns  marginatus  (  Dermacentor) 5.  c.  7.  _'.'!.  ■J5.  27.  47.  is,  .51 

reri.s.«opli 14, 1 

roliopli 12,1' 
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punctata    (Hieuiapliysalis) 20 

puta   (  HyaloLuuia) 14 

reflexus  (Acarus) 13 

retieulatns    (Acarns) 14,  28 

reticnlatns    (Deruiaeentor) 5,  6,  7,  8, 10, 19,  20, 

21.  23.  2fi.  28,  29,  30,  32,  34.  35,  36,  37,  42,  43,  45,  51,  55,  57,  58,  59,  60 

retieiilatus  occiclentalis  (Dermaceutor) 32,34,35,36,44,45 

Rhipicentor 14, 17 

Rhipicentor  bicornis 14 

Rbiplcepliakx' 12 

RhipicepLialeie 13,  14, 16, 17 

Rhipbieepbaliiife   13, 19 

Rbipicepbalini   16 

Rbipicepbalus 12,  13.  14,  15,  16,  17,  18,  39 

rieiiuis    (Acarus) 14 

saluioni  ( Dermaceutor) 5,  G,  7,  8,  10,  21,  22,  23,  24,  25,  28,  36,  37,  51,  55 

sanguiueus   (Ixodes) _ 14 

savignyi   (Argas) 13 

5-striatus    (Darmacentor) 57,59 

Tetrapoli  14 

trausversalis   (Ixodes) 14 

variabilis  (Dermaceutor) 5,  6,  7,  10,  "23,  24,  25,  28,  29,  47 

variabilis  (Ixodes) 29 

variegatus  (Dermaceutor) 5,  6,  7,  21,  23,  24,  27,  28,  37,  51,  54,  58.  00,  03 

venustns 5,  6,  23,  24,  25,  27,  35,  36,  40,  43,  44,  45,  46,  48,  51 
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LIST   OF   HYGIENIC   LABORATORY   BULLETINS   OF   THE   PUBLIC 
HEALTH   AND   MARINE-HOSPITAL    SERYICE. 

The  Hygienic  Laboratory  was  establislied  in  New  Yorlc,  at  the  Marine  Hos- 
pital on  Staten  Island,  August,  1887.  It  was  transferred  to  Washington,  with 
quarters  in  the  Butler  Building,  June  11,  1S91,  and  a  new  laboratory  building, 
located  in  Washington,  was  authorized  by  act  of  Congress,  March  3.  1901. 

The  following  bulletins  [Bulls.  Xos.  1-7,  1900  to  1902,  Hyg.  Lab.,  U.  S.  Mar. 
Hosp.  Serv.,  Wash.]   have  been  issued: 

*No.  1. — Preliminary  note  on  the  viability  of  the  Bacillus  i)estis.  By  M.  J. 
Roseuau. 

No.  2. — Formalin  disinfection  of  baggage  without  apparatus.  By  M.  J. 
Kosenau. 

«Xo.  3.— Sulphur  dioxid  as  a  germicidal  agent.    By  H.  D.  Geddings. 

*Xo.  4.— Viability  of  the  Bacillus  pestis.    By  M.  J.  Roseuau. 

js"o.  5. — An  investigation  of  a  pathogenic  microbe  (B.  typhi  murium  Danyz) 
applied  to  the  destruction  of  rats.     By  M.  J.  Roseuau. 

t-^o^  6. — Disinfection  against  mosquitoes  with  formaldehyd  and  sulphur  dioxid. 
By  M.  J.  Roseuau. 

No.  7.— Laboratory  technique:  Ring  test  for  indol,  by  S.  B.  Grubbs  and 
Edward  Francis;  CoUodium  sacs,  by  S.  B.  Grubbs  and  Edward  Francis;  Micro- 
photography  with  simple  apparatus,  by  H.  B.  Parker. 

By  act  of  Congress  approved  July  1.  1902,  the  name  of  the  "  United  States 
Marine-Hosi)ital  Service"  was  changed  to  the  "Public  Health  and  INIarine- 
Hospital  Service  of  the  United  States,"  and  three  new  divisions  were  added  to 
the  Hygienic  Laboratory. 

Since  the  change  of  name  of  the  Service  the  bulletins  of  the  Hygienic  Labora- 
tory have  been  continued  in  the  same  numerical  order,  as  follows : 

*]sro.  8.— Laboratory  course  in  pathology  and  bacteriology.  By  M.  J.  Rosenau. 
(Revised  edition,  March,  1904.) 

*Xo.  9. — Presence  of  tetanus  in  commercial  gelatin.     By  John  F.  Anderson. 

Xo.  10. — Report  upon  the  prevalence  and  geographic  distrilmtion  of  hookworm 
disease  (uncinariasis  or  anchylostomiasis)  in  the  I'nited  States.  By  Ch. 
Warden  Stiles. 

■^Xo.  11.— An  experimental  investigation  of  Trypanosoma  lewisi.     By  Edward 

Francis. 

*No.  12. — The  bacterioloirical  impurities  of  vaccine  virus;  an  experimental 
Study.     By  M.  J.  Rosenau. 

*Xo.  13.— A  statistical  study  of  the  intestinal  parasites  of  ."00  white  male  pa- 
tients at  the  United  States  (iovernment  Hospital  for  the  Insane;  by  Philip  E. 
Garrison,  P.rayton  II.  Ransom,  and  Earle  C.  Stevenson.  A  parasitic  roundworm 
i  Aiiniiiouicniris  ciilicis  u.  g..  n.  sp. )  in  American  mosquitoes  (Culcx  solUcitaiis)  ; 
by  Ch.  Warden  Stiles.  The  type  si)ecies  of  the  cestode  genus  HDmciiolcpis:  by 
Ch.  Warden   Stiles. 

No.  14.— Spofted  fever  (tick  fever)  of  the  Rocky  Mountains:  a  new  disease. 
By  John  F.  Anderson. 
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No.  15. — Inefficiency  of  ferrous  sulphate  as  an  antiseptic  and  germicide.  By 
Allan  J.  McLaughlin. 

*No.  IG. — The  antiseptic  and  germicidal  properties  of  glycerin.  By  M.  J. 
Rosenau. 

*No.  17. — Illustrated  key  to  the  trematode  parasites  of  man.  By  Ch.  War- 
dell  Stiles. 

*Xo.  is. — An  account  of  the  tapeworms  of  the  genus  Hiimcnohpis  parasitic  in 
man.  including  reports  of  several  new  cases  of  the  dwarf  tapeworm  t//.  nana) 
in  the  United  States.     By  Braytou  H.  Ransom. 

*X<>.  1I». — A  method  for  inoculating  animals  with  precise  amounts.  By  M.  J. 
Rosenau. 

*No.  20. — A  zoological  investigation  into  the  cause,  transmission,  and  source 
of  Rocky  Mountain  "  si)0tted  fever."     By  Ch.  Wardell  Stiles. 

Xo.  lil. — The  ininuinity  unit  for  standardizing  diphtheria  antitoxin  (based  on 
Ehrlich's  normal  serum).  Official  standard  iirt'pared  under  the  act  approveil 
July  1,  1902.     By  M.  .1.  Rosen.iu. 

*No.  22. — Chloride  of  zinc  as  a  deodorant,  autisei)tic,  and  germicide.  By  T.  B. 
McClintic. 

*.\'o.  2.'}. — Changes  in  the  Pharmacopoeia  of  the  I'nited  States  of  America. 
Eighth  Decennial  Revision.     By  Keid  Hunt  and  Murray  Gait  Motter. 

No.  24. — The  International  Code  of  Zoological  Nomcnclaturi'  as  ajiplied  to 
medicine.     By  Ch.  Wardell   Stiles. 

No.  2."). — Illustrated  key  to  the  cestode  parasites  of  man.  By  Ch.  Wardell 
Stiles. 

No.  2G. — On  the  stability  of  the  o.xidases  and  their  conduct  toward  various 
reagents.     The  conduct  of  phenolphthalein  in  the  animal  organism.     A  test  for 
saccharin,  and  a  simple  method  of  distinguishing  between  cumarin  and  vanillin. 
The  toxicity  of  ozone  and  other  oxidizing  agents  to  lipase.     The  influence  of  i 
chemicaJ  constitution  on  the  lipolytic  h.vdrolysis  of  ethereal  salts.     By  J.   H.  \ 
Kastle. 

No.  27. — The  limitations  of  formaldehyde  gas  as  a  disinfin-tant  with  sjuH-ial 
reference  to  car  sanitation.     By  Thomas  B.  McClintic. 

*No.  28. — A  statistical  study  of  the  prevalence  of  intt'stinal  worms  in  m.in 
By  Ch.  Wardell  Stiles  and  I'hilip  E.  Garrison. 

*No.  2!>. — A  study  of  the  cause  of  sudden  death  following  the  injtHtion  of 
horse  serum.     By  M.  J.  Rosenau  and  .Tohu  K.  Anderson. 

No.  .30. — I.  Maternal  transmission  of  inniuiuity  to  diphtheria  toxine.  II. 
Maternal  transmission  of  inununity  to  diphtheria  loxiiic  and  hypersuscept Utility 
to  horse  serinn  in  the  same  animal.     By  .lohn  F.  Anderson. 

No.  ?,\. — Variations  in  the  peroxidase  a<'tivity  of  the  blood  in  health  and  dis- 
ease,    r.y  Joseph  II.  Kastle  and  Harold  L.  .\moss.  ;|! 

No.  'VI. — .\  stomach  lesion  in  guinea  pigs  caused  iiy  diiilitlieria  toxiiic  .-nid  its  | 
be:iring  upon  cxiierinicnlal  gastric  uh-cr.  I'.y  M.  J.  Rosenau  and  Joini  F.  ' 
Anderson. 

.No.  ;;:!. — studies  in  cxiicrinicntal  alcoholism.     By  Reid  Hunt.  i 

No.  ;;4. — I.  Ai/dinofiliirid  i/niKiiitnn  n.  sp..  an  api»arenlly  new  roundworm -i 
jiarasite  from  the  ankle  of  a  ncgress.  II.  Tln>  zoological  characters  of  the' I 
roundworm  genus  rihirin  Mueller.  17N7.  III.  Thnn*  new  American  cases  of  hi- (jl 
fection  of  m.'in  with  horse-hair  worms  (species  I'dninniiiiiis  nirina).  with  sum-tjf 
mary  of  all  cases  reporte<l  to  date.     By  Ch.  Wardell  Stiles.  j 

*.\o.  ."'.."(.— Report  on  the  origin  and  prevalence  of  tyjihoid  fever  in  the  Oisirict  ' 
of  Columbia.  By  M.  J.  Rosenau.  L.  I..  I.nmsden,  and  Joseph  H.  KastU'.  i  In-  , 
chiding  articles  contributed  by  Ch.  Wardell  Stiles,  Joseph  Goldberger,  and  A.  M., 
Si  inison. ) 


! 

No.  36. — Further  studies  upon  hyrersusceptibility  and  immunity.  By  M.  J. 
Rosenau  and  Jolin  F.  Anderson. 

No.  37. — Index-catalogue  of  medical  and  veterinary  zoology.  Subjects: 
Trematoda  and  trematode  diseases.    By  Cli.  Wardell  Stiles  and  Albert  Hassal!. 

No.  38. — The  influence  of  antitoxin  upon  post-diphtheritic  paralysis.  By 
M.  J.  Rosenau  and  John  F.  Anderson. 

No.  39. — The  antiseptic  and  germicidal  properties  of  solutions  of  formalde- 
hyde and  their  action  upon  toxines.     By  John  F.  Anderson. 

No.  40. — 1.  The  occurrence  of  a  proliferating  cestode  larva  (Spargaiuon  pro- 
lifcrum)  in  man  in  Florida,  by  Ch.  Wardell  Stiles.  2.  A  reexamination  of  the 
type  specimen  of  Filaria  rcstiformis  Leidy,  1SS0= Agamomennis  rcstiformia,  by 
Ch.  Wardell  Stiles.  3.  Observations  on  two  new  parasitic  trematode  worms : 
Homaloguslcr  pJiilippinensis  n.  sp.,  Agamodistom urn  nanus  n.  sp.,  by  Ch.  Wardell 
Stiles  and  Joseph  Goldberger.  4.  A  reexamination  of  the  original  'rpecimen  of 
Taitht  saginnta  ahictina  (Weinland,  1S5S).  by  Ch.  Wardell  Stiles  and  Joseph 
Goldberger. 

*No.  41. — Milk  and  its  relation  to  the  public  health.     By  various  authors. 

No.  42. — The  thermal  death  points  of  pathogenic  micro-organisms  in  milk.  By 
M.  J.  Rosenau. 

No.  43. — The  standardization  of  tetanus  antitoxin  (an  American  unit  estab- 
lished under  authority  of  the  act  of  July  1.  1902).  By  M.  J.  Rosenau  and  John 
F.  Anderson. 

No.  44. — Report  No.  2  on  the  origin  and  prevalence  of  typhoid  fever  in  the 
District  of  Columbia,  1!K>7.  By  M.  J.  Rosenau,  L.  L.  Lumsden,  and  Joseph  H. 
Kastle. 

No.  45. — Further  studies  upon  anaphylaxis.  By  M.  J.  Rosenau  and  John  F. 
Anderson. 

No.  46 — Hepatozoon  pcrniciosum  (n.  g.  n.  sp.)  ;  a  htemogregarine  pathogenic 
for  white  rats;  with  a  description  of  the  sexual  cycle  in  the  intermediate  host,  a 
mite  (Lelaps  echidninus) .     By  W.  W.  Miller. 

No.  47. — Studies  on  Thyroid. — I.  The  relation  of  Iodine  to  the  Physiological 
Activity  of  Thyroid  Preparations.     By  Reid  Hunt  and  Atherton  Seidell. 

No.  4S. — The  Physiological  Standardization  of  Digitalis.  By  Charles  Wallis 
Edmunds  and  Worth  Hale. 

No.  49. — Digest  of  comments  on  the  United  States  Pharmacopoeia.  Eighth 
decennial  revision  for  the  period  ending  December  31,  1!X»5.  By  Murray  Gait 
Motter  and  Martin  I.  Wilbert. 

No.  50.— Further  studies  upon  the  phenomenon  of  anaphylaxis.  By  M.  J. 
Rosenau  and  John  F.  Anderson. 

No  51. — Chemical  tests  for  blood.     By  J.  H.  Kastle. 

No.  52. — Report  No.  3  on  the  origin  and  prevalence  of  typhoid  fever  in  the 
District  of  Columbia  (1908).  By  M.  J.  Rosenau,  L.  L.  Lumsden.  and  Joseph  H. 
Kastle. 

No.  53. — The  influence  of  certain  drugs  uiion  the  toxicity  of  acotanilide  and 
antipyrine.     By  Worth  Hale. 

No.  .54. — The  fixing  power  of  alkaloids  on  volatile  acids  and  its  application  to 
the  estimation  of  alkaloids  with  the  aid  of  phenolphthalein  or  by  the  ^'olhard 
method.     By  Elias  Elvove. 

No.  55. — Quantitative  pharmacological  studies — adrenalin  and  adrenalin-like 
bodies.     By  W.  H.  Schultz. 

No.  56. — Milk  and  its  relation  to  the  imblic  health.  (Revised  edition.]  By 
various  authors. 
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No.  57 — I.  The  presence  of  tubercle  bacilli  in  the  circulating  blood  in  clinical 
and  experimental  tuberculosis.    By  John  F.  Anderson.     II.  The  viability  of  the  | 
tubercle  bacillus.     By  M.  J  Rosenau.  j 

No.  ns. — Digest  of  comments  on  the  Pharmacopoeia  of  the  Uufteil  States  of  ] 
America  (eighth  decennial  revision)  and  the  National  Formulary  for  the  iieriod  ; 
ending  December  31.  lUOU.     By  Murray  (Jalt  Motter  and  Martin  I.  Wilbert.  i 

No.  59. — The  oxidases  and  other  oxygen  catalysts  concerned  in  biological  ; 
oxidations.     By  Joseph  Hoeing  Kastle.  j 

Nt>.  (50. — A  study  of  the  anatomj-  of  Wafxonius  (n.  g. )  irntmni  of  man.  and  of  i 
19  allied  species  of  mammalian  trematode  worms  of  the  superfamily  I'dniin-  \ 
pliifitoinoidca.     By  Ch.  Wardell  Stiles  and  Joseph  Goldberger.  i 

No.  Gl. — Quantitative  i)harmacological  studies:  Relative  physiological  ac-  \ 
tivity  of  some  commercial  solutions  of  epinephrin.     By  W.  H.  Schultz.  I 

No.  (;2. — The  taxonomic  value  of  thi'  microscopic  structure  of  the  stigmal  ; 
plates  in  the  tick  genus  I)<  rmaccnior.     By  Ch.  Wardell  Stiles.  \ 

In  citing  these  bulletins,  beginning  with  N<i.  S.  bililiiigr.iplu'rs  and  authors  are   '> 

rc<pi»'stt'(l  to  adopt  the  following  abbreviations:  Bull.  No.  .  Ilyg.  Lab..  U.  S.   i 

I'ul).  Health  i:  Mar.-II(jsp.  Serv.,  AVash..  pp.  . 

M.VlLlNc;    LI.ST.  I 

The  Service  will  enter  into  exchange  of  publications  with  medical  and  scien-  i 
tific  organizations,  societies,  laboratories,  journals,  and  authors.     All  .m'Plica-  1 

TIO.XS   rOK  TIItSK  PI  LtLlCATIONS    SIIOILD    HK  ADURKSSKD   TO  TIIK  "  SlRCKOX-C JKNKKAL, 

U.    S.    I'UBLic   Health    and    Mauixe-Hospital    Service,    WASiiiNiiTOX.    D.   C,"  ! 

EXCEPT  THOSE    MARIvED    (*).  ' 

The  editions  of  the  |)ublicatlons  marked  (*).  available  for  distribution  by  the  , 
Surgeon-CJeneral  of  the  I'ulilic  Health  and  Marine-Hospital  Service,  have  been  ' 
exhausted.  Copies  may,  however,  be  obtained  from  the  Superintendent  of  . 
Documents,  Government  Printing  Office,  Washington.  1).  C.  who  sells  iniblica-  ] 
tions  at  cost,  and  to  whom  requests  fni-  publications  thus  markt'd  should  be  i 
made. 
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Hygienic  Laboratory  Bulletin  62. 


Plate  III. 


i^  xiA(iXi^    ^ 


no.  3. — Surface  view  of  stigmal  plate  of  male  I),  electiis  [D.  variabilis].  Notice  the 
location  of  the  aperture  near  the  vcntro-median-anterior  marjiin  :  the  plate  is  not  so 
elongato  as  that  of  D.  ret icii talus  and  the  dorso-lateral  prolongation  is  subterminal ; 
the  goblets  are  5oG  in  number,  rather  evenly  distributed  ;  the  circles  of  the  middle  layer 
are  visible.      Greatly  enlarged.      Original.      U.  S.  P.  H.  &  M.  H.  s.  9920. 
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Plate  IV. 


/^  .jcA-oCUj  J" 


;FlG.  4. — L)e('iJ  focus  of  plate,  showing  the  relatively  small,  eloni:ate  chamber  under  the 
[  aperture  and  the  numerous  circles  {goblet  stems;  of  the  inner  layer.  Greatly  enlarged. 
i    Original.      U.  S.  P.  H.  &  M.  II.  S,  9920. 
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Plate  V. 


i!).   e/£.c^tu^  ^ 


'W^- 
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o     o  , 


•Vmale  stigmal  plate  of  D.  elcctus  sen  varialuli-.  .\,.ti,  i.'  that  this  plate  is  much  broader  than  that  of  the  male;  455 
are  present,  and  the  chamber  is  much  larger;  the  dorso-lnteral  prolongation  is  just  caudad  of  the  equator, 
enlarged.    Original.    B.  A.  I.  3150. 


Fig.  6. — Transverse  section  of  a  portion  of  stigmal  plate  of  D.  elcctus  seu  lariabilis. 
Notice  the  three  la.vors  :  in  the  upper  layer  are  seen  the  goblets  :  in  the  middh'  layer 
are  seen  the  goblets  and  the  chitlnous  supporting  cells ;  in  the  thick  inner  layer  are 
seen  the  stems  of  the  goblets.     Greatly  enlarged.     Original. 
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Plate  VI. 


/^    cyCJlA^ciiyrCtcLXA-J    d 


Fig.  7. — Stigmal  plate  of  male  D.  occidentalis.  Notice  the  elongate  form,  the  position  of 
the  aperture,  and  the  terminal  dorso-lateral  prolongation;  the  goblets  (67  in  number) 
occupy  a  considerable  portion  of  the  plate,  but  are  absent  from  the  margin  and  from  the 
terminal  portion  of  the  prolongation  ;  in  these  places  the  circles  of  the  middle  layer 
appear.      Greatly  enlarged.     Original.     Marx   119,   type. 


A'"  ocuu^ji '^■Lr.iA^ 


Fig.    8.— Stigmal    plate    of    female    D.    occithiHalis    with    04    goblets.      Greatly    enlarged. 

Original. 
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Plate  VIII. 


l^_   oyyixUk^-crx^^-u   _£ 


Fig.  10. — Stigmal  plate  of  female  D.  andersoni.  Notice  the  acute  angle  formed  by  the 
dorso-lateral  in-olonj,'ation  ;  the  anterior  mariu'in  of  the  prolongation  is  broader  than  the 
caudal  margin;  120  goblets  are  present.  Greatly  enlarged.  Original.  U.  S.  P.  H.  & 
M.  H.  S.  050:;.. 
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Plate  IX. 


Fig.  11. — Section  of  a  stigmal  plate  of  D.  andcrsoni.      Greatly  enlarged.      Original. 


Fig.  12. — Xn  isolated  goblet  of  same.     Greatly  enlarged.     Original. 


Fig.  1.3. — An  isolated  hair  near  margin  of  stigmal  plate.     Greatly  enlarged.     Original. 
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Plate  X. 


Fig.  14. — Stigmal  plate  of  male  B.  venustus.  Notice  the  broad  aperture,  the  prominent 
terminal  prolongation,  and  the  scattered  goblets ;  the  middle  layer  also  is  visible. 
Greatly  enlarged.     Original.     Marx  122. 


Vie.  1."..-  Stigmal  plate  of  female  D.  vciiufitus.  As  this  was  drawn  from  an  unmounted 
specimen,  it  may  nut  be  absolutely  so  exact  a  representation  as  is  the  plate  of  the  male. 
Greatly  enlarged.     Original.     :Marx   122. 
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Plate  XI. 


13  /i 


Yvi.  IG. — Stigma!  plate  of  female  D.  pantmapcrtus.  Notice  the  convexity  of  the  plate,  the 
prolongation  which  forms  an  acute  angle  at  the  caudal  margin  of  the  plate,  the  concen- 
tration of  the  goblets  around  the  aperture,  and  note  also  the  unusually  large  chamber. 
Greatly  enlarged.     Original.     Mars  143. 


/^   /^.cuu.o'^'-^^^ci^T.My^Uj  ■yyioA.OAyy^^iJZi^  T 


jFiG.  17. — Stigmal  plate  of  male  D.  panimapertus  marfjinaius.  Notice  the  prominent  pro- 
longation [broken  at  end],  the  unusually  large  chamber,  the  convc^xity  of  the  plate,  and 
the  arrangement  of  the  goblets.     Greatly  enlarged.     Original.     Marx  137. 
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iP   ^.ClAx-o'V^-t-a^T-eAZi-i^    ■f-nCLTl.aA^^^x.cuCi^^    o 


Fkjs.  IS-iy. — I'lates  of  two  female  I).  ixniiiiKipirliiK  mni-i/iniitiis.      Notice  the  acute  angle 
1}         formed  by  the  prolongation,   the  enormous   aperture   and  chamber,   the  circular  goblets. 


the  convexity  of  the  plate,  and  the  broad  anterior  margin  of  the  prolongation, 
enlarged.     Original.     Mar.x   i:i7   and   r...\.I.."5415. 


Greatly 
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Plate  XIIL 


aV      'H,.<-^VL^-^L'^-ue,(5c-{J;,t^      ^ 


Fig.  20.— Stigmal  plate  of  male  tick  determined  by  Banks  as  B.  nUjrolineaius  Notice 
the  preequatorial  position  of  the  aperture,  the  arrangement  of  the  goblets,  and  the 
absence  of  a  dorso-lateral  prolongation.      Enlarged.      Original.      U.  S.  P.  H    &  M    II    S 


/^ 


/Vx.XJ^A.-0. 


'-LA^a-'ULj^iX^f^L^     6 


Fio.  1:1. — Stigmal  plate  of  male  Z>.  nit/rolincatiis  from  Okhihoma.       Enlarged.      Original. 

B.  A.  I.  43G3. 
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Plate  XIV. 


^ .   n'^<.a'^^o-Ouy■^JLaXlA^    5^ 
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Fig.  22. — Stigmal  plate  of  male  D.  niyroUneatus  from  New  York.      Enlarged.      Original. 
U.  S.  r.  H.  &  M.  II.  S.  9002. 


A9     'I-^-C-04-C>'L<vl'-Lfc-<2.-(fZcc/     p 


Fig.  23. — Stigmal  plate  of  female  D.  niurolincatus  from  New  York.      Enlarged.      Original. 
U.  S.  P.  H.  &  M.  II.  S.  0002. 
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Plate  XV. 


I 


/J    ■^-t^U^^Xi-t^.^^^xje^cutlA^   p 


Fig.  24. — Stigmal  plate  of  female  T>.  n'ujrolincaius  from  Tennessee.      Enlarged.      Original. 

B.  A.  I.  4288. 


Fig.  25. — Stigmal  plate  of  nymph  1).  niurdUncalux  from  Oklahoma.      Enlarged.      Original. 

D.  A.  I.  4;;g:). 
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Plate  XVI. 


ly-  J  cuc-yy-LcryxAJ    p 


ri(i.  IT..  — StiKinal    plate   of   female  D.   snhnoni    (typei    from   lios    ttiunis,   Oklahoma.      ICa- 
lari;ecl.      Original.        U.   A.    I.   317'J. 
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Plate  XVlll. 


aV.   ^Cl-c^To--L-o-T--L-ty      (5^ 


/?     <f  aX^T-Tn-cy-ia.^     /^ 


lii;.s.   28-:i9. — A    pair   of  .sti^;iiial   plates   of   malo   D.    saliiioni    from    Montana.      Enlarged. 
OriLTinal.      T.  S.  P.  II.  ^:  M.  II.  S.  '.iTi;}. 
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Plate  XXIII 


Fig.  34b.— View  of  a  goblet  of  D.  mlmoni,  at  deep  focustoshow 
the  supporting  cells  and  the  stem  of  the  goblet.  Greatly 
enlarged.    Original.    B.  A.  I.  3206. 


Fig.  35.— Stigmal  jilatu  ni  nymph  of  D.  .<alm</iii.    EnUirge<l. 
Oriu'inal.     B.  A.  I.  32U6. 
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Plate  XXVII. 


Fig.    o9. — Stiymal    plate    ul    uympli    U.    ulhijjKlus    .seu    mricijatus.      Enlarged.      Origiual 

P..  A,  I.  :;i72. 


X^   n^x^j3yt-i^   6 


Vw.  40. — Stij,'mal  plate  of  male  l>.  iiiliiis  I'imiu  Texas.      IJuIaiged.      Original.      U.  S.  V.   H. 

iV;  M.  II.  S.  oon.s. 
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Plate  XXVIII 


iy  -^n^cCb-vi^    ^ 


Fio.  41. — The  same  at  lower  focus. 


Ay     ^-fi^tXlZ-n-T^ 


!.  42. — Stlj;ni;il  plate  of  female  \K  iiiliiis  from  .Jamaica.      Enlarged.      Original.      V.  S.  V 

II.  vV:  M.   II.  S.  W.W. 


Hvgienic  Laboratorv  Bulletin  (12. 


Plate  XXIX. 


Fig.  43. — A  goblet  very  greatly  enlarged,  showing  also  the  supporting  cells  and  the  stem 
of  the  goblet.     Greatly  enlarged.     Original.     U.  S.  P.  II.  &  M.  II.  S.  9908 
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Plate  XXXII. 


Fig.  53. 


Fig.  .>1. 

/,.  //.   ]riltlrr.  Dd. 

Figs.  49-54.— OUTLINES  OF  CAPITULUM   AND   DIGIT  OF  DERMACENTOR. 
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Plate  XXXIIi. 


Fig.  55. 


Fig.  56. 


Fig.  5». 


Fig.  5-.t.  Fig.  60. 

L.  H.   WiUl.r,  Dd. 
Figs.  55-60.— OUTLINES  OF  CAPITULUM  AND  DIGIT  OF  DERMACENTOR. 
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Plate  XXXIV. 


Fig.  61. 


Fig.  62. 


Fig.  64. 


Fig.  63. 


Fig.  6\  F'K-  »'<;• 

/..  If.  M'iMn:  DrI. 
Figs.  61-66.— OUTLINES  OF   CAPITULUM  AND  DIGIT  OF  DERMACENTOR. 
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Plate  XXXV, 


Fig.  67. 


Fig.  69. 


Fig.  68. 


Fig.  70. 

/..  n.  Wilder,  Del. 

Fips.  67-70.— OUTLINES  OF   CAPITULUM  AND   DIGIT  OF   DERMACENTOR. 
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PLATE  XXXVI 


Fig^  Tl. 


Fig.  73. 


Fig.  79, 


Figs.  71-81— SCUTUM  OF   FEMALE  OF   DERMACENTOR 
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Plate  XXXVII. 


Fig.  82 


Fig.  83. 


Fig.  i>4. 


Fig.  87. 


Fig.  88. 


Fig.  89. 


Fig.  90. 


Fig.  91. 


Fig.  9-2. 


Fig.  y?.  Fig.  ys.  Fig.  99.  Fig.  100. 

L.  If.   Wilihr.  Del. 
Figs.  82-100— DORSAL  VIEW  OF  TERMINAL  PORTION  OF  TROCHANTER   I  OF  DERMACENTOR 
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Plate  XXXVlll. 


Fig.  101. 


Fig.  loa. 


Fig.  102. 


Fig.  101. 


Fig.  105. 


Fig.  106. 


Fig.  107. 


Fig.  lOR. 


Fig.  109. 
/,.  n.   nil'hr.  Del. 


Figs.  101-109.— COXA   1  OF  DFRMACENTOR. 
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Plate  XXXIX. 


Fig.  110. 


Fig.  111. 


Fig.  112. 


Fig.  113. 


Fig.  114. 


Fig.  11.5. 


Fig.  116. 


Fig.  US. 


Fig.  119. 
L.  jr.  MiliiiT.  Del. 


Figs.  110-119.— COXA  I  OF  DERMACENTOR. 
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Plate  XL. 


A7  aj^ZLclajLoXaa^  o 
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/9.  Ae^ticci/cutZo/  p 
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Fig.  121. 


Fig.  120. 


Q) 


•       'S  <S)  " 
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o  vi?iifi/(ii'I!'i||k,'' 


SIR 
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Fig.  122.  Fig.  123. 

L.  11.  Wililcr,  Del. 

Figs.  120-123.— INTERCOXAL  FIELDS  OF  DERMACENTOR. 
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Plate  XLI. 


0.   orjUJjU/y^t^aLL^jd  T 


Fig.  124. 


Fig.  126. 


>C7    OCX-LCU/rJtixtiJ  f 

o  f?\    o  0   0  ^^ 
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Fig.  125. 


^\-. 


Fig.  127. 


/..  //.   MVA/fT.  Ikt. 


Figs.  124-127.— INTERCOXAL  FIELDS  OF  DERMACENTOR. 
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Plate  XLII. 


®  ® 


Fig.  128. 


Fig.  129. 


®  t®®1?  ®, 


Fig.  130. 


Fig.  131. 

/..  //.  IlV/f/rr,  Del. 


Figs.  128-131.— INTERCOXAL  FIELDS  OF   DERMACENTOR. 
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Plate  XLII!. 


©® 


,©    © 
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Fig,  132. 


0.  vn/i^LAaatZc^  6 

\ 


Fig.  i:^;3. 


Kiu'.  131. 


Fi<rs.  132-134.— INTERCOXAL  FIELDS  OF   DERMACENTOR. 
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